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INTRODUCTION

Natural runs of salmonids in the Columbia River basin have decreased as
a result of hydroelectric-dam development, poor land- and forest-
management, and over-fishing (Raymond 1979; Netboy 1980). This has
necessitated increased salmon culture to assure adequate numbers of
returning adults. Hatcheries are now the primary source of salmon for the
Columbia River; in the late 1970s, they annually produced about 100 million
fall chinook salmon, Oncorhynchus tshawytscha; 21 million spring and summer
chinook salmon; 30 million coho salmon, 0. kisutch; and 10 million
steelhead, Salmo gairdneri. Even with hatchery production at this level,
management agencies agree that, in general, salmonid harvests have
deteriorated.

Hatchery procedures and facilities are continually being modified to
improve both the efficiency of production and the quality of juveniles
produced. Initial efforts to evaluate changes in hatchery procedures were
dependent upon adult contributions to the fishery and returns to the
hatchery. Since salmonid survival depends on river, estuarine, and ocean
habitats,the variations in adult return data are difficult to evaluate and
unknown factors may overshadow the impacts of changes in hatchery culture
techniques-- a better system of evaluation was needed.

From 1966-1972, the National Marine Fisheries Service (NMFS),
Northwest and Alaska Fisheries Center, Coastal Zone and Estuarine Studies
Division, developed and refined procedures for sampling juvenile salmon and
steelhead entering the Columbia River estuary and ocean plume (Fig. 1).
The sampling of hatchery fish at the terminus of their freshwater migration
assisted in evaluating hatchery production techniques and identifying
migrational or behavioral characteristics that influence survival to and
through the estuary.

Because of a lack of funds, no sampling was done from 1973 through
1976. From 1977 through 1983, the Northwest Regional Council and the
Bonneville Power Administration (BPA) funded the estuarine sampling program
to provide assessment of salmonid outmigrations from wild stocks and from
mitigation hatcheries experimenting with enhanced cultural procedures. The
facilities or procedures implemented for safe juvenile salmonid passage at
dams and through reservoirs were also evaluated. Extensive fish marking
programs by state and federal fishery agencies provided the capability to
assess migrational behavior and relative survival of identifiable hatchery
and wild stocks. Fall chinook salmon (subyearlings), particularly,
provided a consistent and thorough index because of intensive marking
programs to assess contribution (Vreeland 1984).

The Columbia River estuary sampling program was unique in attempting
to estimate survival of different stocks and define various aspects of
migratory behavior in a large river, with flows during the spring freshet
from 4 to 17 thousand cubic meters per second (m3/second). Previous
knowledge of estuarine sampling for juvenile salmonids was limited to
several small river systems and the evaluation of movement behavior,
residence times, and feeding behavior, e.g., Chehalis River, Herr-man 1971;
Siuslaw River, Nicholas et al. 1979; Sixes River, Reimers 1973 and Bottom
1981; Nanaimo River, Healey 1980; and Yaquina River, Myers 1980.
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During our initial research (1966-1972),  various fishing methods
(fyke, trawl, gill, and seine nets) were used at many locations throughout
the estuary. Procedures and sites used from 1977-1980 and 1981-1983 were
adopted from earlier work with the extension of sampling sites into marine
waters adjacent to the mouth of the Columbia River.

The specific objectives of the overall study with juvenile salmonids
were as follows (objectives were expanded with time; Objectives l-4 apply
to research from 1966 through 1972, and Objectives l-10 apply to research
from 1977 through 1983):

1. Evaluate sampling equipment, develop procedures, and establish
suitable sampling sites which could provide the recovery of representative
samples of juvenile salmonid migrants from each fish stock passing through
the estuary.

2. Document recovery dates for all marked fish, define migration
timing for each species, and examine the differences between identifiable
races and stocks in relation to biological, cultural, and migrational
variables.

3. Document movement rates between release and sampling sites and
evaluate effects from environmental and biological variables.

4. Examine die1 movement patterns at Jones Beach.

5. Evaluate consistency of recovery percentages and determine the
effects of river flow.

6. Provide capture percentages of marked groups to estimate relative
survival of juvenile migrants in relation to:

a. Fish production at mitigation hatcheries.

b. Juvenile bypass systems at dams.

c. Transportation programs.

d. Fish size, release site, and date.

e. Survival to adulthood.

f. River flows and electrical power production.

7. Compare recovery data of marked wild fish to recovery data of
hatchery stocks.

8.  Examine stomach contents of tagged salmonids to determine the
extent of inter- and intra-specific competition for food throughout the
1979-1983 migration period and relate stomach fullness to variables which
may have affected feeding habits. Compare observed feeding rates to those
of fish from other areas.

2



9. Provide samples and make biological observations to assist other
investigators working on related research projects. (Appendix A)

10. Document catches of non-salmonids  collected during sampling.

3



GENERAL STUDY AREA

For the purposes of this study, the Columbia River estuary is defined as
75 km of the lower river between the narrows at Jones Beach to the ends of the
jetties at the river mouth (Fig. 1). The estuary is approximately 2 km wide
at the mouth and nearly 15 km wide at its broadest expanse near the middle.
For the most part, it is a shallow (<5 m in depth) system of shifting sand
bars, extensive mud flats, and numerous islands. A ship channel is maintained
at a depth of 14 m by periodic dredging by the U.S. Army Corps of Engineers.
Tides normally reverse river flow as far as 115 km upstream (to Rainier,
Oregon), but the seawater intru ion is generally limited to about 38 km

1/upstream from the river mouth, By this definition, the Columbia River
estuary consists of an upper freshwater and a lower brackish water component.

Marine waters sampled were near-shore areas’ from the surfline (4 m deep)
to 24 km offshore (125 m deep) north and south of the Columbia River mouth.
Surface water salinity varied from 17 to 27 o/oo.

The sampling sites varied during the various time periods of the study.
During the initial stages of the estuarine study ( 1966-1977)) 33 sampling
sites were evaluated for providing representative catches of most salmonid
stocks migrating into the estuary (Fig. 2). During 1978-1980, there were two
primary sampling sites: (1) the upper extreme of the estuary at Jones Beach,
River Kilometer (RKm) 75 and (2) near the lower margin of the estuary, in
brackish water, at McGowan, WA (RKm 16). Additional sites throughout the
estuary, river mouth, and in the Columbia River coastal near-shore plume were
sampled in termittently to provide additional information about movement
through the es tuary . From 1981 to 1983, only the Jones Beach site was
sampled ; evaluation was limited to factors impacting fish during their
migration to the estuary, e.g., cultural treatment prior to release, fish
size, distance and date of migration, and river flow.

1_/’ U.S. Army Corps of Engineers. 1960. Interim report on 1959 current
measurement program, Columbia River at mouth, Oregon and Washington.
Portland, Oregon.
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SECTION I--FALL CHINOOK SALMON, 1966-1972

Introduction

Fall chinook salmon are an important fishery resource in the Pacific
Northwest. The Columbia River has long been recognized as the largest
producer of fall chinook salmon in the world. Hydroelectric and other
development, however, has seriously reduced the natural production of the
Columbia River system. To compensate for this loss, natural production of
fall chinook salmon is now supplemented by an extensive system of state and
federal hatcheries (Fig. 3). The effectiveness of this hatchery  is
dependent upon the continuing development of new and improved management and
production techniques. This in turn requires biological and fishery catch
studies to evaluate the impact of various production techniques. Cleaver
(1969a) provided significant information on the life history and ocean
survival of Columbia River fall chinook salmon, and recent papers have
examined the contribution of Columbia River hatchery fish to
(Worland et al.

the fishery
1969; Lander 1970). However, information relative to the

migrational behavior of juvenile fall chinook salmon to and through the
Columbia River estuary is limited.

Heretofore, most assessments of the effectiveness of hatchery production
techniques were based on evaluations of adult returns to the various fisheries
and/or hatcheries. Such evaluations must await the return of adult fish which
normally spend from 2 to 5 years in the ocean. Although it may be conceded
that the ultimate measure of the effectiveness of fish culture operations
should be in terms of adult catch and escapement to the hatcheries,
assessments of juvenile survival to the estuary could be of distinct help to
fishery managers. Relative survival of marked juveniles to the estuary could,
for example, provide initial clues to the success or failure of a particular
rearing or release technique in relation to the prevailing hatchery and
in-river environment. This information would be available to managers within
weeks instead of years.

The specific objectives of this study were to provide information on
movement rates and survival of juvenile fall chinook salmon during migration
to the estuary and to examine migration timing, movement patterns, and
residence time in the estuary.

Methods

The downstream migration of juvenile fall chinook salmon was sampled in
the Columbia River estuary from 1966 through 1972. The primary sampling gear
was a 95-m variable-mesh beach seine developed and described by Sims and
Johnsen (1974). This net fished to a depth of 3 m and was set from the beach
with a small outboard-powered boat. Thirty-three beach seine sampling sites
were used during the study (Fig. 2). Sampling effort varied as to site and
intensity each year, but was primarily concentrated at Jones Beach, Oregon,
(Site J-l in the upper estuary). The Jones Beach Site is located
approximately 75 km upstream from the river mouth and about 50 km above the

7
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normal upper limit of saline intrusion. Site H-l on nearby Puget Island and
Site J-2 on the Washington shore immediately across the river from Jones Beach
were also sampled frequently during various phases of the study. Most beach
seining effort in the lower estuary was concentrated in the Clatsop Spit area
(Sites A-l and B-l).

In 1967, 1968, and 1969, purse seines were used to sample deep-water
channels and other areas where beach seining was not practical. Purse seines
of various sizes were used depending on the physical characteristics of the
area to be sampled. The basic purse seine was 229 m long by 10 m deep. A
152- by 3-m net was used in shallow or restricted areas. Net design and
operational techniques are described by Johnsen and Sims (1973).

A two-door mid-water trawl was used in 1966 to define vertical
distribution of juvenile fall chinook salmon in deep water areas. This net
had an opening of 3 by 6 m and could be fished from surface to bottom by
adjusting door angle and towing speed.

During the first 2 years, beach and purse seine sampling crews processed
their catches and recorded all data where the fish were caught. Fish holding
and processing facilities were constructed at Jones Beach in 1968. After 1
May 1968, beach and purse seine samples from nearby areas were transported to
the beach facility for examination. All juvenile salmonids were anesthetized,
identified, enumerated, examined for marks and brands, and a subsample
measured to determine length frequencies. Marked or branded fish were given
an additional mark by freeze branding (Mighell 1969). Following recovery from
effects of the anesthetic, all fish were returned to the river.

Definition of Stocks

Because of their extended freshwater residence, juvenile spring chinook
salmon are generally at least 10 to 20 mm longer than fall chinook salmon when
they enter the estuary (Mains and Smith 1964). This characteristic size
difference was used to separate fall chinook salmon from spring stocks.
Because there is a slight overlap at times in length frequencies of the fall
and spring stocks, a small percentage of the fish could have been erroneously
identified. Occasionally, small numbers of fall chinook salmon may also hold
over for various reasons in fresh water until the following spring. These
fish--because of their extended growth--would be classified as spring chinook
salmon unless they bore some special identity (fin clip or brand) clearly
signifying their fall chinook salmon origin.

Like fall chinook salmon, juvenile summer chinook salmon stocks from the
mid-Columbia also migrate downstream as“0” age fish and, therefore, can not
be differentiated from fall chinook salmon by size. The relative number of
juvenile summer chinook salmon reaching the estuary is small in comparison to
fall chinook salmon; for the purpose of this study, they have been classified
as fall chinook salmon and included in the fall chinook salmon catch totals.

9



Releases of Marked Hatchery Fish

About 6.5 million freeze-branded juvenile fall chinook salmon were
released at various hatcheries and other locations by cooperating agencies
during 1968, 1969, and 1970. Migrational timing and rates of downstream
movement were determined from recoveries of these marks at Jones Beach.

Some releases of branded fish were also designed to examine relative
survival of hatchery-reared fall chinook salmon. Groups of fish were divided
into duplicate or multiple lots (each lot identical in size distribution to
all others). Each lot of fish was given a separate identifying brand and
released at various locations upstream from the Jones Beach sampling site.
Es tima tes of relative survival of the various lots were based on the
percentage of brands recovered at Jones Beach, assuming that survival from
those releases closest to Jones Beach was 100%. Survival rates es tima ted in
this manner were subject to two additional assumptions : (1) that the
distribution of all lots of marked fish from a given subdivided group was the
same at the point of sampling  and (2) that each lot of fish within a
subdivided group was equally vulnerable to capture by the sampling gear.
Comparisons of relative survival rates compiled in this manner were valid only
for lots within a given subdivided group. Comparisons of groups of fish from
different hatcheries or from groups of different size from the same hatchery
were not valid because the sampling recovery rate may be variable.

Results and Discussion

Sampling in the Columbia River estuary from 1966 to 1972 captured more
than a million juvenile fall chinook salmon(Table1); included were more than
30,000 marked fingerlings, representing 59 separate marked releases. The
beach seine was by far the most effective sampling gear used to capture fall
chinook salmon in the estuary and accounted for almost 98% of the total
sample . The beach seine was adaptable to near-shore areas throughout the
estuary, and fish taken by this gear were generally in good condition and
suffered little mortality. Beach seines were also effective in capturing
yearling coho salmon, but took relatively few juvenile spring chinook salmon
or s teelhead trout.

From 6 June to 19 July 1968, 18 groups of juvenile fall chinook salmon
were taken from the beach seine catches at Jones Beach, marked with a thermal
brand, and released at Beaver Terminal about 4.5 km above the Jones Beach site
(Table 2). Analysis of the recovery data from these releases indicates that
the sampling variability of the beach seine was closely related to size of
fish--the smaller the fish the higher the rate of capture (Fig. 4)--and was
not significantly affected by river flow (Fig. 5).

Distribution

Juvenile fall chinook salmon were found concentrated in the shallow,
near-shore areas throughout the estuary. The concentration of fall chinook
salmon along the beaches is illustrated by comparing adjacent beach and purse

10



Table l.--- Sampling effort and catches of juvenile fall chinook
salmon in the Columbia River estuary, 1966-72.

Type of gear
Beach seines Purse seines Trawls

Year No. sets Catch No. sets Catch No. sets Catch

1966 1,867 139,058 0 465 4,171.
1967 1,425 76,988 100 1,716 0
1968 2,359 314,334 439 9,323 0
1969 2,460 283,386 164 4,038 0
1970 2,509 229,880 0 0
1971 1,242 131,425 0 0
1972 945 97,299 0 0

Totals 12,807 1,272,370 703 15,077 465 4,171
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seine catches (Table 3). Relative abundance of fall chinook salmon was about
15 times greater in near-shore waters at Jones Beach than in the adjacent
channel area during the 1968 sampling season. By contrast, yearling chinook
salmon, coho salmon, and steelhead were most abundant in the offshore channel
areas.

When in deep water, juvenile fall chinook salmon were found to
concentrate near the surface. Trawl samples from the channel off Tongue
Point, Clatsop Spit, and Jones Beach (Fig. 2) in 1966 showed that more than
95% of all juvenile fall chinook salmon were within 3 m of the surface
(Table 4).

Diel Movement Patterns

Two tests were made in 1966 to examine die1 movement patterns of
migrating fall chinook salmon fingerlings in the Columbia River estuary. The
first test ran from 26 to 29 May at Site H-1 on lower Puget Island (Fig. 2).
A single beach seine set was made each hour, on the hour, for the duration of
a 30-h test period. This procedure was repeated at the Jones Beach site on 13
to 16 June. To compensate for possible tidal influence on movement patterns,
the Puget Island test was started on a flood tide cycle and the Jones Beach
test on an ebb tide cycle. About 90% of the fall chinook salmon taken during
both tests were caught during daylight hours (Fig. 6). The pattern of
movement was almost identical at both sites--peak movement in the morning
between 0800 and 1100 h, followed by an afternoon decline and a second, though
smaller, peak in the evening between 1800 and 2000 h. Tidal conditions did
not affect this movement pattern. Purse seine fishing in the ship channel
adjacent to Jones Beach in 1968 and 1969 substantiated this daytime movement.

An additional experiment was made during 1 day of each test. Groups of
fall chinook salmon fingerlings from the beach seine catches were marked and
released back into the seining area at 0800 and 2200 h. Recaptures of these
marked fish showed that fish released in darkness remained in the area much
longer than those released during daylight (Table 5). Both experiments
indicated little movement of fall chinook salmon in the estuary after dark.

Migration Timing

Timing of the juvenile fall chinook salmon migration into the estuary
from 1966 to 1972 is shown in Figure 7. This information is based upon
morning (0550-1200 h) beach seine catches each year at the Jones Beach site
from 28 April through 2 September. Sampling over the entire year showed that
approximately 80% of the juvenile fall chinook salmon entering the estuary do
so during this period.

Movement into the estuary is generally bimodal--an early peak in May and
early June, a decline later in June, and a second and usually higher peak in
late July or early August. The seaward migration remains heavy to September
and then gradually declines. The decline in the number of fall chinook salmon
entering the estuary in June is unexplained but could be associated with the
high river flows that generally occur during this period.
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Table 3.-- Beach seine and purse seine catch per effort (average
number of fish per set) at Jones Beach, Oregon, 1 May-
31 July 1968.

Catch per set
Type of fishing Number Fall Yearling
gear and month of sets chinook chinook Steelhead Coho

Beach seine

May 139 177.6 2.1 1.1 25.1
June 178 164.4 0.1 0.0 0.6
July 147 497.0 0.0 0.0 0.2

Average 274.0 0.7 0.3 7.8

Purse seine

May 120 15.7 12.1 31.3 61.3
June 100 24.9 0.4 1.4 1.5
July 114 14.1 0.1 0.1 0.2

Grand Average 17.9 4.5 11.7 22.6
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Table 4.--- Mid-water trawl catches of juvenile fall chinook salmon at various
depths and locations in the Columbia River estuary, 1 June - 31 July
1966.

Fishing Jones Beacha_/ Tongue Pointa_/
depth No. fish Percent No.. fish Percent

Clatsop Spita_/
No. fish Percent

Surface
(0 - 3 m )  1,510 96.3 662 95.2 321 97.9

Mid-depth
(3 - 6 m )  57 3.6 33 4.8 6 1.8

Bottom
(below 6 m ) 1 0.1 0 0.0 1 '  0.3

a/ Catch represents 10 trawl hauls at each depth at each location.-

17



Table 5 .--Beach seine recoveries of marked fall chinook salmon released during daylight and darkness at
Puget Island (26 May 1966) and at Jones Beach (14 June 1966).

Area and time No. of fish
of release released

No. hours from release to recapture
1 2 3 4 5 6 7 8 9

Total recaptures
Number Percent

Puget Island
Number of fish

0800 hours 500 5 1 2 0 1 0 0 0 0 9 1.8
2200 hours 500 53 36 17 18 5 3 0 1 1 134 26.8

Jones Beach

0800 hours 500 3 0 0 1 0 0 0 0 0 4 0.8
2200 hours 500 61 33 27 21 8 0 0 3 0 153 30.6
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19



PE
R

C
EN

T 
O

F 
TO

TA
L 

C
AT

C
H

 

I-*
 

w
- 

t-t
o 

o\
 

s’
p1

 

?Z
” 

:: 
l-m

 
03

 
W

ID
 

0 

2°
F:

 
l 

0 
a 

co
’ 

s 
E

S
 

u 
ill 

r. 
t&

z 
0 

F 
n 

q 
g 

rn
lS

 
E

. I
D

 0
 

et
” c 

L-
l- 

Fi
5 

2 
n 1 

m
 

5 

ix
%

 

cu
3 

cr
rz

 
P 

4r
zP

 
0 

P,
 

El
- 

0 3 
I: 

$S
 

KS
 

fu
!=

r 

5%
; 

w 
l-l

- 

i3
, 

3 

c 
- 

11
18

 
3 -I 

11
1 

m
m

m
m

1 
11

81
 

c 
lm

m
m

m
m

 
11

11
11

11
11

11
 

c 
- 

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
~ 

11
11

11
11

1 
1m

m
m

m
 

11
11

11
 

11
11

11
11

11
11

 
D

 
11

11
11

11
11

 
C-

 

a 

i 
11

11
11

11
11

 
m

m
m

m
m

m
m

m
 

11
11

11
11

 
11

11
11

11
 

m
 

1 

11
11

11
11

11
11

 
18

11
81

 
ID

- 
11

1 
u 

0 
ul

 
is

 
cl

 
-I 

I 
I 

I 

II m
m

 
ID

11
 

11
11

11
11

~ 
ra

m
m

m
m

la
l 

- 
11

11
1 

.#
#D

 
11

11
 

II II'
 

11
11

11
 

-1
11

11
11

11
11

11
11

11
 

11
11

11
11

11
11

11
11

11
11

11
11

11
 

11
11

11
11

11
11

11
11

11
11

I 
11

11
11

11
11

11
 

11
11

11
11

11
I 

11
11

11
 

- 
11

11
1 

m
m

11
 

iz
 

11
11

1 
11

1 
11

11
1 

iii 

18
11

11
 

- 
11

11
 

5 

I 
I 

z 
- 

- 
1 ::a

 
11

11
11

1l
 

am
am

m
m

m
 

11
11

11
11

11
 

2 

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
I 

11
11

11
11

11
1 

cl-
 

i 

11
11

11
11

11
11

1 
i-6

 

11
11

11
11

11
11

11
1 

11
11

11
11

11
11

 
2 

11
11

11
11

11
' 

cn
 

-I 

11
11

11
 

iii 

s 
- 

rn
lrn

l 

0 
01

 
E 

I 
-II

 
I 

11
1 

11
11

1 
11

11
11

 
11

11
11

1 
11

11
11

11
11

 
-1

11
11

11
11

11
11

 
11

11
11

11
11

11
11

11
11

 
11

11
11

1 
11

1 
11

18
 

11
11

11
 

‘D
llll

 11
11

11
11

11
11

11
1 

m
m

am
m

m
m

m
m

 
lm

m
m

m
m

m
m

a 
Im

m
m

m
m

m
I 

11
11

11
11

11
11

11
11

 
_ 

-1
11

11
1 

I1
1 

11
1 

11
11

 
z 

11
11

 
I, 

- 
11

~ 

0 
01

 
G

 a 

11
1 

11
1!

 
11

1 
11

11
11

 
11

11
11

 
11

11
 

11
11

 
11

1 

i 

11
11

 

II .m
m

m
 

11
11

1 
11

11
11

 
11

11
1~

 
am

~m
m

m
m

m
D 

11
11

11
11

11
 

I1
11

11
11

11
11

11
 

11
11

11
11

1 
11

11
11

11
11

11
11

11
l 

- 

1 11
11

11
11

11
1 

~1
m

m
m

m
m

m
am

1 
11

11
 

11
11

11
 

cn
 

5 
iz

 
I r-
’ 

II 11
11

 
ai

m
 

11
11

11
11

11
11

11
11

11
11

11
11

~ 
11

11
1 

l 
m

m
am

m
 

1m
m

m
m

m
m

 
1 11

11
1 

11
11

11
1 

11
11

1 
8m

m
m

m
l 

11
11

11
1 

n 
m

m
m

m
m

m
1’

. 
I1

11
11

11
11

11
11

11
11

11
I 

i 

11
11

l 
m

m
: 

II 11
 

11
1 

11
1 

11
11

 
m

m
1 

Yl
 1 If II 0 

01
 s

i 
I 

I 
1 

II II m
a 

11
11

11
11

11
11

11
 

11
11

11
11

11
1 

- 
11

11
 

Ill
 1m

m
m

m
; 

11
1 

Ill
 

11
11

1 
-1

11
11

11
11

11
1 

11
11

11
11

11
11

1 
lm

m
m

m
am

m
m

m
l 

1~
11

1~
11

1 
11

11
11

11
 

11
11

11
11

 
-1

11
11

11
11

1 
11

11
11

11
 

11
11

11
 

m
m

m
m

m
m

1 
* 

11
11

11
11

11
 

lm
m

m
m

m
Bm

m
m

m
m

I 
~1

11
11

11
11

 

I 

: 0 



Fall chinook salmon fry began to enter the Jones Beach area in late
February. These fish were not actively migrating but were apparently moving
out of the smaller tributary streams and utilizing the upper estuary as a
rearing area. Reimers and Loeffel (1967) reported very short residence
periods by fall chinook salmon fry in certain tributary streams of the lower
Columbia River. Based on Jones Beach sampling, the total number of fry
residing in the estuary is very small in comparison to the total number that
migrate.

Beach seine catches at Jones Beach from 1966 to 1972 indicate a trend
toward later entry of juvenile fall chinook salmon into the estuary (Fig.
8).  Over the study period, the percentage of seaward migrants entering the
system during May and June declined, whereas the number of fish entering in
August increased significantly. This apparent shift in the time of migration
is not well defined, but may result from variation of seasonal river flows
during the study period..

The effect of hatchery releases on the timing of the fall chinook salmon
migration in the estuary can be seen by comparing the temporal catch
distribution in 1971 with that of other years sampled (Fig. 7). In 1971,
almost 90% of the total production of hatchery fall chinook salmon were
released prior to 5 May. With the exception of a single S-day period in early
May ) the effect of these early releases on the overall distribution of the
migration in the estuary was negligible.

Rates of Downstream Movement

Releases of marked fall chinook salmon fingerlings were made in 1968,
1969, and 1970 at hatcheries of the Oregon Department of Fish and Wildlife
(ODFW), Washington Department of Fisheries (WDF) , and the U.S. Fish and
Wildlife Service (USFWS) in cooperation with this study. Recovery of these
marked fish at Jones Beach provided considerable information on passage times
and rates of movement of hatchery-reared fall chinook salmon to the estuary.
Variation in rate of movement of fish from the various hatcheries was
considerable (Tables 6, 7, and 8). The time required for individual groups to
reach Jones Beach ranged from 3 to 24 days. Rate of downstream movement
varied from 5 to 36 km per day.

Effect of Size at Release .--A multiple release of branded fall chinook
salmon at Little White Salmon National Fish Hatchery (USFWS) in 1969
illustrates the effect of size on the rate of downstream movement. Three
groups of fish (average fork lengths 77, 64, and 56 mm, respectively) were
released at the hatchery (Fig. 3) on 24 June 1969, and a fourth group (average
fork length 67 mm) was released on 25 June approximately 28 km downstream from
the hatchery. The relationship of the size of these fish and their rate of
downstream movement to the estuary is shown in Figure 9. A strong positive
correlation of increased rate of movement with an increase in fish size is
evident. The largest migrants (77 mm) moved 12 km per day faster than the
smallest (56 mm).
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Table 6.--- Rate of downstream movement of various groups of marked hatchery fall chinook
salmon based on beach seine catches at Jones Beach, Oregon, 1968.

______

Release information Recovery information

Distance Travel Rate of

Hatchery of origin. Place         Date Number Number traveled time movement
of fish of fish (km) (days) (km/day)

Ringold (WDF)a_/
Ringold

Kalama (WDF)
Kalama
Washougal (WDF)
Washougal
Washougal
Washougal

Spring Creek (FWS)-b/

Abernathy (FWS)
Abernathy
Little White Salmon

(FWS)
Little White Salmon
Little White Salmon

Little White Salmon

Little White Salmon
Little White Salmon
Oxbow (ODFW)-c/
Oxbow

Bonneville (ODFW)

Hatchery 14 May
Below Bonne- 16 May
ville Dam
Hatchery 17 June
Hatchery 12 July
Hatchery 17 June
Hatchery 17 June
Camas Slough 17 June
Below Camas 17 June
S l o u g h
Hatchery 13 June
Hatchery 15 May
Hatchery 15 May
Cook, Wa. 22 June

Drano Lake 22 June
Below Bonne- 24 June
ville Dam
Mouth of 25 June
Willamette R.
Prescott, Or. 26 June
Beaver, Or. 27 June
Hatchery 4 June
Below Bonne- 5 June
ville Dam
Hatchery 17 June

90,000 7 490 15.0 32.7
90,000 144 162 8.1 20.0

78,850 62 46 8.7 5.3
80,000 73 46 6.4 7.2
77,900 97 132 11.4 11.6
78,700 101 132 11.0 12.0
76,500 144 120 9.2 12.5
77,700 237 115 9.1 13 . 1

159,000 80 192 9.3 2Q.6
200,300 2,276 15 3.1 4.8
200,400 559 15 3.0 5.0
217,200 402 190 9.3 20.4

107,500 295 188 10.9 17.2
101,700 558 162 8.6 18.8

102,000 551        91 7.4 12.3

99,700 505  36 5.7 6.3
192,700 1,170 14 2.5 5.6
128,000 64       171 7.5 22.8
110,000 116 162 5.2 31.1

116,300 63 162 8.1 20.1

a/ Washington Department of Fisheries-
b/ Fish and Wildlife Service

cl Oregon Department of Fish and Wildlife-



Table 7.-- Rate of downstream movement of various groups of marked hatchery fall chinook
salmon based on beach seine catches at Jones Beach, Oregon, 1969.

Release information Recovery information

Distance Travel Rate of

Hatchery of origin Place Date Number Number traveled time movement
of fish recovered (km) (days) (km/day)

Ringold
Ringold

Oxbow

Oxbow

Oxbow

E
Oxbow
Spring Creek
Little White
Little White
Little White

Little White
Little White

Hatchery
Below Bonne-
ville Dam
Below Bonne-
ville Dam
Below Bonne-
ville Dam
Below Bonne-
ville Dam
Rainier, Or.
Hatchery

Salmon Hatchery
Salmon Hatchery
Salmon Below Bonne-

ville Dam
Salmon Hatchery
Salmon Rainier, Or.

12 May 201,200
16 May 66,800

19 May 152,000

19 May 151,100

19 May 154,800

20 May 155,900
3 June 199,700

24 June 198,500
24 June 196,800
25 June 76,000

 24 June 114,800
27 June 41,300

60 490 14.3 34.3
75 162 4.6 35.2

481 162 6.2 26.1

1,271 162 5.9 27.5

395 162 5.9 27.5

485 36 2.5 l-4.4
417 190 5.4 35.6
252 190 13.0 14.6
215 190 7.0 27.1
148 162 6.9 23.5

156 190 8.3 22.9
228 36 4.3 8.4



Table 8.-- Rate of downstream movement of various groups of marked hatchery fall chinook
salmon based on beach seine catches at Jones Beach, Oregon, 1970.

Release information Recovery information

Distance Travel Rate of
Number Number traveled time movement

Hatchery of origin Place Date of fish recovered (km) (days) (km/day)

Spring Creek Hatchery 14 April
Spring Creek Hatchery 22 June
Spring Creek Hatchery 22 June
Oxbow Below Bonne- 15 May

ville Dam
Oxbow Below Bonne- 15 May

ville Dam
Little White Salmon Hatchery 22 June
Little White Salmon Hatchery 22 June
Little White Salmon Below Bonne- 23 June

152,500 1,441 192 2 3 . 8  8.1
144,600 131 192 8 . 8 21.8
152,100 284 192 8.7 22.1
75,700 85 162 7.3 22.2

75,000

183,900 646 190, 10.5 18.1
187,000 914 190 13.8 13.8
156,000 594 162 8.2 1 9  . 8

 55 162 6.8 23.8
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Effect of Release Location.--Mark recovery da ta also indicated that the
rate of downstream movement of hatchery juvenile chinook salmon may be
associated with point of release (Fig. 10). Fish reared and released from
hatcheries near the estuary moved downstream at a slower rate than those from
hatcheries farther upstream. For example, fall chinook salmon from Abernathy
Hatchery ( USFWS), about 15 km above the Jones Beach sampling site, moved
downstream at an average rate of about 5 km per day; whereas fish released at
Ringold (WDF) ,490 km above the estuary, moved downstream at almost 33 km per
day (Table 6).

Effect of River Flow.--Raymond (1968) showed a positive correlation
between water flow and rate of downstream movement of year1ing chinook salmon
in upper Columbia and Snake Rivers. A similar correlation is difficult to
demonstrate in relation to juvenile fall chinook salmon in the lower Columbia
River. Releases of marked fall chinook salmon of comparable body lengths at
two Federal hatcheries (Little White Salmon and Spring Creek) failed to show a
clear relationship between river flow and rate of downstream movement (Table
9).  This is probably the result of variations in the number of smolting fish
within the release groups. Some groups of fish released during periods of
high river flow moved downstream at a slower rate than other groups released
during lower river flows. If all fish were actively migrating seaward at the
time of release, the effect of river flow on downstream movement might be more
evident (samples from later years suggested a relationship).

Size and Es tuarine Residency

Fork-length measurements were taken each year from May to September to
examine size characteristics of juvenile fall chinook salmon in the estuary.
Mean fork-lengths of juveniles entering the es tuarine system at Jones Beach
from 1966 to 1972 are shown in Figure 11. Average sizes of fall chinook
salmon entering (Jones Beach) and leaving (Clatsop Spit) the es tuary are
compared in Figure 12. These relationships show that the average length of
fall chinook salmon in the estuary approaches 75 mm by mid- to late-May each
year and does not increase significantly until late July.

There are two hypotheses that would account for the constant size of
juvenile fall chinook salmon in the estuary over such an extended period: (1)
growth rate of fall chinook salmon rearing in the estuary is substantially
reduced or ( 2) juvenile fall chinook salmon rear to smolting size in areas
above the estuary and pass quickly through the estuary once they enter the
sys tern. Reimers (1973) reported a similar size pattern for fall chinook
salmon in the Sixes River estuary in southern Oregon and related this pattern
to decreased growth rates during an extended period of estuarine residence.
He further hypothesized that this reduction in growth rate resulted in high
population densities in the estuary during this period.

Mark recoveries during this study suggest that the majority of juvenile
fall chinook salmon entering the Columbia River estuary remain within the
system for a relatively short period of time. Recoveries from 16 groups of
marked hatchery fall chinook salmon in 1970 showed that these fish began to
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Table 9.--  Rate of downstream movement and average river flow at time of
release of six groups of similar sized marked fall chinook
salmon released into the Columbia River during 1968, 1969,
and 1970.

Hatchery and
year of
release

Spring Creek

Number Number Average rate
of fish Date of of marks of movement
released release recovered (km/day)

1968 159,000 13 June 80 20.6 10.6
1969 199,716   3 June 417 35.6 10.1
1970 152,079 22 June 284 22.1 7.9

Little White Salmon

1968 217,000 22 June 402 20.4 9.8
1969 196,800 24 June 215 27.1 8.4
1970 186,950 22 June 914 18.1 7.9

a/ Average daily flow at Bonneville Dam for 20-day period after release.-
Flow data from Annual Fish Passage Reports, 1969-70, North Pacific
Division U.S. Army Corps of Engineers processed report.
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leave the estuary within 6 days or less after entering the estuary
(Table 10). In addition, five branded fall chinook salmon fingerlings were
taken by purse seine in the ocean several miles south of the river mouth in
1969. Two of these fish had been released 14 km above the Jones Beach site
only 6 days earlier. The other three fish had been released at the same site
from 9 to 15 days earlier. Although few in number, these ocean recoveries
further suggest a rapid movement of juvenile fall chinook salmon through the
estuary.

Additional mark recoveries indicate that when fall chinook salmon stay in
the estuary for an extended period, their size increases rapidly. Recoveries
from six groups of marked fall chinook salmon fingerlings transported from the
Washougal Hatchery (WDF) and released at six separate locations in the lower
river, 16-18 June 1969, showed that the behavior of these fish was different
from that of any other groups of marked fish sampled during this study. These
fish were small when released (approximately 200/lb) and obviously not ready
to migrate. They began to enter the beach seine catches at Jones Beach on 21
June, and significant numbers were still being caught in mid-September.
Recovery rates from the Washougal releases were 10 times greater than for any
other groups of marked fish. Moreover, 10 times as many multiple mark
recaptures were made. Many individual fish from these releases were caught
four and five times during a l0-week period. Inasmuch as these fish remained
in the estuary for a substantial period of time, their growth rate during this
time is a valid indication of growth during residency in the estuary. Average
size of these fish increased rapidly during their estuarine residence;
whereas, the average size of all other groups of fish taken at Jones Beach
during the same time period remained relatively constant (Fig. 13).

The evidence supports the conclusion that in the Columbia River, the
majority of fall chinook salmon fingerlings remain in the estuary for a
relatively short period and that they reside in the main river or tributaries
upstream from the estuary until they reach a size range of about 7 to 8 cm.
This would account for the similarity in size range of fall chinook salmon
entering the estuary during the late spring and early summer. The rapid
increase in the size of fish entering the estuary after mid-July is probably
due to improved conditions (such as warmer water temperatures) for growth in
the upriver rearing areas.

Relative Survival of Hatchery Fall Chinook Salmon

Ebel (1970) reported a significant increase in survival of hatchery fall
chinook salmon fingerlings transported from an upriver hatchery and released
below Bonneville Dam over survivals from conventional releases at the
hatchery.

Estimates of relative survival during passage to the estuary of hatchery
fall chinook salmon released at various points in the river from 1968 to 1970
are shown in Tables 11, 12, and 13. In each instance, the relative survival
was increased by transporting the fish to a point below Bonneville Dam for
release. Relative survival rates of seven experimental groups of branded fall
chinook salmon released below Bonneville Dam are compared to a duplicate
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Table 10.--- Passage time of 16 groups of marked hatchery fall chinook
salmon from Jones Beach to Clatsop Spit, Oregon (74 km)
1970.

Hatchery of origin

Date of first Date of first
arrival at arrival at Passage time

Jones Beach Clatsop Spit (days)

Oxbow 18 May
Oxbow 18 May
Oxbow 20 May
Oxbow 23 May
Spring Creek 25 June
Spring Creek 25 June
Spring Creek 25 June
Spring Creek 27 June
Little White Salmon 25 June
Little White Salmon 26 June
Little White Salmon 25 June
Little White Salmon 25 June
Little White Salmon 26 June
Little White Salmon 26 June
Little White Salmon 28 June
Little White Salmon 28 June

22 May 4
22 May 4
26 May 6
27 May 4
29 June 4
29 June 4
28 June 3
30 June 3
29 June 4
28 June 2
28 June 3
1 July 6
2 July 6

30 June 4
29 June 1
30 June 2
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Table ll.--- Recovery rate and relative survival of branded groups of
hatchery fall chinook salmon at Jones Beach, Oregon, 1968.

Hatchery of origin
and release point

Relative
Size  at Release Recovery survival'
release date rate (%) rate (%)

Little White Salmon a_/

Hatchery 1lO/lb 22 June 0.27 45
Below Bonneville Dam 107/lb 24 June 0.56 93
Beaver, Oregon 103/lb 27 June 0.60 100

Hatchery 72/lb 4 June 0.05 45
Below Bonneville Dam 72/lb 5 June 0.11 100

Ringold

Hatchery 62/lb 14 May 0.01 6
Below Bonneville Dam 62/lb 16 May 0.16 100

a_/ Data reported by Ebel (1970).

34



Table 12.--- Recovery rate and relative survival of branded groups of hatchery
fall chinook salmon at Jones Beach, Oregon, 1969.

Hatchery of origin
and point of release

Little White Salmon

Size at Relative
release Release Recovery survival
(no./lb) date rate(%) rate (%)

Hatchery 109 24 June 0.13 57
Below Bonneville Dam 109 25 June 0.20 87
Rainier, Oregon 109 27 June 0.23 100

oxbow

Bonneville Spillway 85 19 May' 0.31 38
Below Bonneville Dam 85 19 May 0.29 35
Rainier, Oregon 85 20 May 0.82 100

Ringold

Hatchery 65 12 May 0.02 18
Below Bonneville Dam 65 16 May 0.11 100
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Table 13.--- Recovery rate and relative survival of branded groups of hatchery
fall chinook salmon at Jones Beach, Oregon, 1970.

Hatchery of origin
and release point

Size at
release

Relative
Release Recovery survival
date rate (%) rate (%)

Little White Salmon

Group 1

Hatchery
Below Bonneville Dam
Rainier, Oregon

Group 2

Hatchery
Below Bonneville Dam
Rainier, Oregon

Spring Creek

Group 1

Hatchery
Rainier, Oregon

109/lb 14 April 0.94 91
92/lb 20-21 April 1.03 100

Group 2

Hatchery 43/lb 22 June 0.09 31
Rainier, Oregon 39/lb 24-26 June 0.29 100

Group 3

Hatchery
Rainier, Oregon

67/lb 22 June 0.19 86
68/1b 24-26 June 0.22 100

65/lb 22 June 0.35 40
69/lb 23 June 0.38 44
69/lb 25 June 0.87 100

ll0/lb 22 June 0.49 66
126/lb 23 June 0.59 80
126/lb 27 June 0.74 100
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hatchery release in Table 14. The increase in survival of transported fish
over those released at the hatchery ranged from 4 to 96%. Transporting fish
from Ringold Ponds (490 km from river mouth) for release below Bonneville Dam
resulted in survival increases of 96% in 1968 and 73% in 1969. Transporting
fish below the dam from hatcheries located on the Bonneville pool (160 to
192 km from the river mouth) increased survival by 51% in 1968 and 30% in
1969.

Conclusions

1. Juvenile fall chinook salmon concentrate in shallow near-shore areas
of the estuary, and when in deep water areas are generally found within 3 m of
the surface.

2. Most movement of juvenile fall chinook salmon through the estuary
occurs during daytime.

3. Tidal conditions or direction of flow does not appear to influence
die1 movement patterns of juvenile fall chinook salmon in the estuary.

4. Timing of the juvenile fall chinook salmon migration into the estuary
is generally bimodal, characterized by an early peak in May and early June,
followed by a general decline later in June and a second, usually'larger, peak
in July or August.

5. A trend toward later entry of juvenile fall chinook salmon into the
estuary was noted. During the period of this study, the percentage of fish
entering the estuary in May and June declined, whereas portions entering in
August increased significantly.

6. The early release of hatchery fall chinook salmon in 1971 had little
affect on temporal distribution of the overall outmigration through the
estuary.

7. Larger fall chinook salmon migrants generally move downstream at a
faster rate than smaller fish.

8. Juvenile fall chinook salmon released from hatcheries near the
estuary generally move downstream at a slower rate than those released from
hatcheries more distant from the estuary.

9. Average sizes (7 to 8 cm) of juvenile fall chinook salmon entering
the estuary remain relatively constant from mid-May to late July.

10. The majority of juvenile fall chinook salmon rear to smolting size
in the river areas above the estuary.

11. Most juvenile fall chinook salmon migrate rapidly through the
estuary.
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Table 14.-- Increases in survival of juvenile hatchery reared fall chinook salmon resulting from transport-
ing fish to release sites below Bonneville Dam, 1968-70.

Hatchery of origin

Little White Salmon

Oxbow
Ringold

Increased     Increased Increased
Size survival Size survival Size survival
of fish (%) of fish (%) of fish (%)

107/lb 48  109/lb 30 69/lb 4
-           -                 -           -               126/lb  14

72/lb 55                 -           -                  -           -
62/lb 96 65/lb 73                 -           -



12. Transporting juvenile fall chinook salmon from hatcheries above
Bonneville Dam to release sites below the dam increases fingerling survival to
the es tuary . Generally, fish transported from more distant rearing areas show
greater survival benefits than those transported from hatcheries nearer the
estuary.
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SECTION II--COHO SALMON, 1966-1971

Introduction

The coho salmon is an important commercial and recreational species
the Columbia River and its tributaries for spawning and presmolt rearing.
Drawing from several sources, Pruter (1966) devised a table which showed
the annual average coho salmon landings in terms of pounds from 1893 to
1963. The peak landings of coho salmon occurred between 1921 and 1930 with
an average of 6,000,OOO pounds (2,722,OOO kg) taken annually. Landings
decreased progressively until 1956-60, when an average of only 300,000
pounds (136,000 kg) were taken.
10 lb (4.5 kg) per fish,

Assuming an approximate average weight of
coho salmon landings were reduced from 600,000 to

30,000 fish.

Many factors together with the commercial harvest affected the
Columbia River coho salmon stocks. Silt-choked gravel beds and log jams in
streams from early forest harvesting reduced the spawning areas and limited
food production during the rearing period. Low head hydroelectric dams
impaired adult and juvenile migrations directly and indirectly, whereas
some multipurpose high head storage dams completely blocked adult spawning
migrations. Commercial trolling and recreational ocean fishing contributed
to losses, since many immature, sublegal fish are caught and mortally
injured before being released (Parker et al. 1959; Milne and Ball 1956).
Additional causes for the decline in the number of coho salmon include
municipal and industrial pollution, pesticide usage, nitrogen
supersaturation, and hydrothermal conditions. Despite these negative
factors,
1960s.

the decline in coho salmon numbers was reversed in the early
The run has subsequently averaged 265,000 fish landed from 1964 to

1974, with a high of 521,000 in 1970 and a low of 125,000 fish in 1968.

An improved hatchery diet which sustained the juvenile fish until
their yearling migration is credited as the single most important factor in
the improved coho salmon runs. Cleaver (1969b) determined the benefits
from various coho hatcheries in the Columbia River system appeared to be
well in excess of their costs. Haw and Mathews (1969) reported that the
technological advances in the rearing of coho salmon resulted in returns
far exceeding the rearing capacity of the hatcheries.

Since the early 196Os, the number of coho salmon returning to
hatcheries has increased substantially, while their presence in selected
natural spawning tributaries has decreased according to tables prepared by
Gunsolus and Wendler (1975). Pollution control, restricted use of
pesticides, improved forest harvesting techniques, updated designs for fish
passage facilities at dams, and reduction in supersatuation of dissolved
atmospheric gas in the water downstream from dams are all continuing
improvements that should result in increased survival of coho salmon.
However, while coho salmon have increased numerically from their Low point
in the 195Os, they have not reached the magnitude of earlier runs. One
possibility for the apparent leveling off of the coho resurgence might be
attributed to problems encountered by smolts during their migration to the
sea. This section presents data collected from 1966 through 1971 on
juvenile coho salmon migrations.
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Methods

Beach seines were used to capture samples of juvenile coho salmon in
the Columbia River. A detailed description of the net and technique used
to make sets is given by Sims and Johnsen (1974).

Sampling sites for the study are shown in Figure 14. The locations
varied during 1966 and 1967, but from 1968 through 1971, the primary site
was at Jones Beach. Sites at nearby Puget Island and Cape Horn Beach on
the Washington shore were sampled frequently during the first 3 years of
the study (Table 15). Seining at those locations consistently resulted in
a smaller catch per set than at Jones Beach. Size range, species
composition, and other catch characteristics were similar at all sites.

Until April 1968, the seine crew examined and recorded their catch.
Beginning in May 1968, a separate crew was used to process fish and record
data. In both situations, all juvenile salmon and trout were anesthetized
with MS-222 (tricaine methanesulfonate), identified, enumerated by species,
and examined for marks; individuals from a subsample were measured for fork
length. Fish were held until they completely recovered from the anesthetic
and then were returned to the river. Use of a separate processing crew
resulted in a greater number of sets being made at a site and reduced the
time that the fish were held under stress.

Juvenile coho salmon were also taken by purse seining in the
navigation channel of the river adjacent to Jones Beach (Johnsen and Sims
1973). Purse seining effort was consistent for only 2 years in the area
and for that reason little information from that effort is included in this
report. Coho salmon data from purse seine catches were in agreement with
those from the beach seine catches.

Results and Discussion

Annual and Monthly Catches

Juvenile coho salmon are abundant in the Columbia River estuary from
mid-April to early June and are present in small numbers through the
remainder of the year. Beach seining captured 110,421 juvenile coho
between 1966 and 1971. Monthly and annual catches are presented in Table
16. Our largest annual catch was in 1970 when 45,146 fish were caught and
the least was in 1967 when we took only 5,792 coho salmon. Sampling
effort, in seine sets per month, provides a basis for annual comparison,
but caution is advised in interpreting these results. Catch alone should
not be construed as an annual index of abundance. Major considerations in
this study are the variation in seine sites in 1966 and 1967 and the
frequency of seine sets during the period of maximum availability. Monthly
averages show that most coho salmon were caught in May followed by April
and June in that order. The large monthly catch in August 1969 was a
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Figure 14 .--Map of lower Columbia River with inset showing location of sampling
sites used in the upper estuary between 1966 and 1971.
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Table 15.--Sampling effort in the upper Columbia River estuary, April through June,
1966-71.

Year

Principal Secondary No. of Daily Sampling Sets
sampling sampling work sampling days per
sites sites shifts period per week day

1966 West. Puget Is. Westport Beach 2
Jones Beach
Unnamed Sand Spit

1967 West. Puget Is.
Jones Beach

East Puget Is. 2
Bradwood Beach
Westport Beach
Wuana
Cape Horn Beach

1968 Jones Beach

Cape Horn Beach

West. Puget Is. 2

East. Puget Is.

1969 Jones Beach Cape Horn Beach 1

1970

1971

Jones Beach Cape Horn Beach 2

Jones Beach None 1 0500-1200 5 12

0800-1600 5

0800-1600 5 3 to 10

(0800-1600
until mid-May) 5
(0500-1100
after mid-May) 7

(0800-1600
until mid-May) 5
(0500-1100
after mid-May) 7

0500-1200 7
1300-2000

3 to 10

9

9

12

12

24
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Tahlc 16. --Results of bench seine sampltng for juvenile coho salmon in the Columbia River esluary, 1966. 
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result of a large release of hatchery fish (subyearling coho salmon) in
late July by the Washington Department of Fisheries into the Columbia River
above our sampling site. With this exception, our catch records show
consistently high captures relative to expended effort in the spring of
each year, but relatively insignificant numbers during winter, summer, and
fall.

Timing of Annual Migration

The annual peak in the daily catch per set (CPS) of coho salmon
(averages of all seine sets in that day) occurred within a 12-day period
over the 6-year study (Fig. 15). Peak CPS occurred in the upper estuary of
the Columbia River between 5 and 16 May of each year; 10 May most likely
approximates the average, as all annual peaks occurred within 6 days before
or after this date.

The date of peak migration may be determined on a basis other than
CPS. Figure 16 shows daily total catches in percentages of the annual
total catch. Less than 5% of the coho salmon reached the estuary before 17
April. Each year the midpoint of the migration was reached between 2 and
13 May. The yearling smolt migration was 95% complete between 19 and 31
May. Thus, both the daily percentage of the total CPS and the average
daily catch indicated that the annual migration of coho salmon smolts in
the Columbia River was compact, consistent, and comparable through the
6-year investigation.

The chronological similarity of annual peak catches in the upper
estuary is particularly interesting since many widely separated hatcheries
and tributaries contribute to the total migration. Fulton (1970) listed 39
Columbia River streams and 62 of their tributaries that now have or have
had spawning runs of coho salmon. He also reported that 78 of these
presently have spawning areas. More important numerically are coho salmon
reared at as many as 19 different Columbia River hatcheries, though not all
of these hatcheries produce coho salmon every year. Considering the number
of diverse systems contributing to the migration, and differences in river
discharge between years, it is remarkable that coho salmon smolt migrations
into the estuary were so consistent in their timing.

The timing of migrations of juvenile coho salmon coincides with
movement reported in other widely separate geographic areas. Shapovalov
and Taft (1954) presented tables showing that the peak migration of
juvenile coho salmon occurred from 6 to 12 May during a 9-year study of
Waddell Creek, California. Chamberlain (1907) reported a heavy migration
of yearling coho salmon into seawater in May of 1903 and 1904 in
southeastern Alaska. Peck (1970) found that most coho salmon smolts left a
Lake Superior tributary within a week of planting on 16 and 17 May. Salo
(1955) reported the peak seaward migration of juvenile coho salmon in
Minter Creek, a tributary of Puget Sound in Washington, occurred in early
May.
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Hartman et al. (1967) compared timing of sockeye salmon, 0. nerka,
smolts with the latitude of their nursery areas and determined
photoperiodism to be an overriding stimulus for downstream migration. Such
a relation for coho salmon smolts is not apparent because their migration
seems to occur at a similar time irrespective of latitude.

Water temperature may be a factor that influences the timing and
movement rate of coho smolts (Fig. 17). During the study, water
temperatures would generally rise from approximately 10o C in early April
to 16o-18o C in late June. Temperatures at peak migrations ranged from
11.3o C (1970) to 14.7o C (1967). Water temperatures in 1969 generally
lagged behind those in other study years; coincidently, progression of the
smolt migration in that year was somewhat later than in other years of this
study (Fig. 16). The relation of temperature to timing of migration,
however, is not precise and can only be suggested.

No consistent relation was found between flow volume of the Columbia
River and timing of juvenile coho salmon (Fig. 17). In 1966, 1969, and
1971, the period of peak arrival of coho generally corresponded with
increasing river flows. In 1967, 1968, and 1970, however, increased river
flows began after the migratory peak had passed. Recovery of marked coho
salmon released from Cowlitz Hatchery in 1969, 1970, and 1971 indicated a
variation in rate of movement of only 2 km per day for seven separate
groups of coho salmon. It appears, therefore, that since the timing of the
coho salmon migration was generally consistent over the study period and
the volume of river flow was substantially different during the 6-year
investigative period, timing of the migration is not dependent upon volume
of river flow.

The possibility that the time of release of coho salmon from the
various hatcheries influenced the time of peak migration into the estuary
also was examined. Timing of releases from the 19 coho salmon hatcheries
varied oonsiderably within and between years. Major releases ranged from
January to May. March was the principal month for juvenile releases in
1966 and 1967, whereas the major releases from 1968 to 1971 were in April.
Based on recoveries at Jones Beach, early release of coho salmon from the
hatcheries failed to result in a correspondingly early seaward migration.
For this reason, the March to May release time suggested by Wallis (1968)
for hatchery coho salmon might be modified to a mid-April to May schedule
if direct seaward migration is desired.

Zaugg (1970) discussed the migratory timing of juvenile coho salmon in
several Pacific Northwest streams and found a corresponding seasonal change
in gill Na+-K+ ATPase. He interpreted increases of Na+-K+ ATPase
(in late March) as an indication of biological readiness for seawater and
decreases (July) as indicative of a loss of urge to move seaward. The
timing data from our catches of yearling coho salmon entering the Columbia
River estuary are generally in agreement with this observation. However,
subyearling coho salmon reared in a hatchery and released in late July also
moved toward the estuary in large numbers. On 28 July 1969, the Washington
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Department of Fisheries released 742,218 subyearling coho salmon at
Rainier, Oregon, 28 km above Jones Beach. We captured 4,817 of these fish
during the following few weeks (although they were not marked, individuals
from this group were easily identified from size and dates of recovery).
The fish averaged 80 mm in length and were from 50 to 100 mm long. Since
these fish were not marked and were released directly into the Columbia
River, evaluation of adult contribution to the fisheries was not possible.

Since many hatchery releases of yearling coho salmon made before
mid-April apparently did not move directly and rapidly to the estuary,
their behavior during the interim period is of interest. Chapman (1962)
found that aggressive behavior caused some wild coho salmon (i.e.,
nonhatchery fish) in small streams to migrate downstream early. Chapman
(1965) also noted that relatively large freshets in small streams caused
downstream movement of wild coho salmon. Continuance of such movement to
the estuary was not indicated at Jones Beach. We did learn that some
hatchery reared coho salmon released before May in tributary streams
downstream from Jones Beach moved upstream. Recovery of these marked fish
at Jones Beach is shown in Table 17. Unfortunately, there were no
distinctively marked fish released after 1 May below Jones Beach. Jones
Beach is from 10 to 80 km upstream from the indicated release sites of the
hatcheries. No marked coho salmon were released below our sampling sites
in 1966, but from 1967 through 1970 marked fish were released in the lower
area, and upstream movement was indicated each year. Although coho salmon
were released in the lower estuary in 1971, no assessment was made since
the only fin-clip release made below our site also coincided with similarly
marked coho salmon released upstream.

Rates of Movement

Many groups of juvenile coho salmon were marked and released at
various state and federal hatcheries during this study. Average rates of
movement to the estuary based on distance traveled and time of release have
been determined from the analysis of recovery data at the Jones Beach
sampling site (Table 18). Releases of identifiable fish ranged from about
63,000 to 742,000 fish. The largest release was the group of unmarked
subyearling coho salmon from Lower Kalama Hatchery of the Washington
Department of Fisheries. Their distinctive size and time of release in
late July 1969 made it possible to readily identify these fish upon
recovery. Recoveries of groups of marked fish ranged from 5 to 4,817
individuals. Average travel time to Jones Beach among the 24 specific
groups ranged from 3 to 81 days. Average rate of travel ranged from 3 to
26 km per day. Rate of movement was associated with distance traveled.
Generally, we found that coho salmon released above Bonneville Dam moved
more rapidly than those released at sites below the dam. In an unusual
example of travel rate over an extended distance, Witty (1966) found
juvenile coho salmon moved from the Wallowa River to Bonneville Dam (about
700 km) at an average rate of 71.3 km per day.
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Table 17.--Releases and recoveries of marked coho salmon yearlings moving upstream to Jones
Beach.

Hatchery and
release pointa_/

Km from
Jones Beach No. marked fish

(approx. ) Release date Released Recovered

Grays River-WDF 75 23 April 1967 35,068 1 D-LV

1 D-RV

18 AD-RM

Grays River-WDF 75 23 April 1967 36,344

Elochoman-WDF
Grays River-WDF

75
20

23 April 1967 107,227
1 January 1967 118,365

Big Creek-ODFW 35
Clatskanine-ODFW 80
Grays River-WDF 75
Elochoman-WDF 20

27 February 1968 123,343 69
7 March 1968 113,316 69
15 April 1968 63,150 69
16 April 1968 88,515 69

AD-RM

Cathlamet-Trans.
from Cowlitz-WDF

10 314,639 9 AD-LP14 April 1969

Big Creek-ODFW            35        15 April 1969        80,957       121          AD and wire ta

ADBig Creek-ODFW 35
Grays River-WDF 75

15 March 1970 73,920 123
2 April 1970 232,081 123

60 23, 29 April 1970 100,662Youngs Bay-Trans.
from Little White
Salmon-FWS

13 LV

a_/ WDF designates Washington Department of Fisheries, ODFW the Oregon Department of Fish and
Wildlife, and FWS the U.S. Fish and Wildlife Service.

b_/ AD designates that the adipose fin was removed, D the dorsal fin, RM the right maxillary
bone, LP left pectoral fin, LV left ventral fin, RV the right ventral fin.
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Table IRS--Rate of movement (from area of release to the Jones Reach sampling sfte) for varfous releases of marked 
hatchery-reared juvenile coho salmon, 1967-71. 

Origin of 
stock ARencya/ 

Leavenworth FWS 
Rinjwld Ponds WDF 
Ice Harbor NFIFS 
Ice Harbor NMFS 
Little White FWS 
Cascade ODFW 
Cascade ODFW 
Leavenworth FWS 

(Trans. to Bonn. Dam) 
Cascade ODFU 

E 

(Trans. To Tanner Cr.) 
ERR le Creek FWS 
Sandy Rf ver ODFW 
RInKold Ponds WDF 

(Trans. to Washougal) 
Washouzal WDF 
WashouRal W DF 
Cowli tt WDF 
Cowli tz WDF 
Cowli tz WDF 
COWIlL. WDF 
Cowlf tz WDF 
COWIf LZ WDF 
Cowli ct. WDF 
Ralama WDF 

(T rans. to Rainier, OR) 
Abernathy FWS 

Km. to Rate of 
Jones Release 

Average Novcmn t 
No. No. 

Beach Mark 
tecow ry 

date released 
no. days to rate km/ 

recovered per 10,000 Jones Beach diy 

730 
490 
461 
461 
190 
166 

I166 
162 

D-AD 3/l/67 200,000 
LV-UI 3124-27170 80,215 
BRAND 3/24-5/15/67 643.123 
BRAND 3/20-5/l/68 
RV S/l 2170 
l/2 D-LP 415171 
l/2 D-P 415171 
D-AD-IA 3/10/68 

5051840 
100,367 

RR, 000 
81,000 
97,000 

5 0.25 81 9.0 
6 0.75 22 20.0 

90 1.40 26 17.7 
152 3.00 29 15.7 
112 11.16 12 15.8 
41 4.66 36 4.6 
36 4.44 34 4.7 
41 4.23 53 3.1 

162 RV-RM 3/29/71 100,000 28 2.80 37 4.4 

140 AN 4/l/68 87,000 
138 D-LM 2/20-24/67 
132 

171,435 
LV-RI4 4114170 63,293 

39 4.40 46 3.0 
19 1.11 40 3.5 
93 14.69 5 26.4 

132 
132 
110 
110 
110 
110 
110 
110 
110 

36 

RV 
LV 
AD-RV 
AD-LV 
AD-LV 
AD-RV 
AD-RP 
AD-LP 

if 

4/g/71 07,876 65 7.40 
b/9/71 

26 
87,024 47 5.35 26 

h/14/69 335,681 308 9.18 
4/l 5/69 

32 
348,754 422 12.10 22 

4/6/70 285,000 428 15.02 
4/6/70 

27 
326.000 527 16.17 

4/l/71 
31 

303,365 63 2.08 
4/l/71 

37 
266,695 117 4.39 34 

4/l/71 302.695 09 2.94 
7/2R/h9 

37 
742,210 4,Rl7 64.90 7 

::; 
3.5 
5.0 
4.0 
3.5 
3.0 
3.2 
3.0 
5.1 

28 AD 5/20/69 70,000 1,540 197.44 3 9.3 

a/ FWS designates the U.S. 
Marine Fisheries Service, 

Fish and Wildlife Service, WDF the WashtnRton Department of Fisheries, NMFS the National 
and ODFW the Oregon Departmnt of Fish and Wildlife. 

!!I Not marked but readily identtfiable because of small size (O-age) . All other releases were yearling fish. 



Time of release was another factor influencing the movement rate.
Releases of a single stock of marked juvenile coho salmon made in the
spring over a 2-month period at Ice Harbor Dam in 1967 and 1968 provided
examples of changing rates of movement in relation to time of release.
Subsequent recovery of these fish at Jones Beach enabled determinations of
travel time. Scientists studying the effects of turbines on salmon smolts
released 643,123 marked juvenile coho salmon during an 8-week period in
1967. These coho salmon were released at various times (Table 19) at four
sites near Ice Harbor Dam, 461 km above Jones Beach. Recoveries of marked
fish indicate that the average number of days required to reach Jones Beach
decreased by 30 days from late March to mid-May, resulting in an increase
in rate of movement from 11.5 km/day to 46.1 km/day.2_/ Therefore, the
average coho salmon released in late March at Ice Harbor Dam would have
arrived at Jones Beach in early May; coho salmon released in mid-April
would have arrived in mid-May; and those released in mid-May would have
arrived in late May. The range of the recovery period was broad for early
release groups and narrow for late releases.

An additional 505,840 marked coho salmon were released at Ice Harbor
Dam in 1968 (Table 20). Though fewer fish were released, our beach seine
effort doubled and, as a result, more marked fish were recovered than in
1967. The release schedule in 1968 began slightly later, was interrupted
for 13 days in mid-April, and was completed 2 weeks earlier than in 1967.
The average late-March releases appeared at Jones Beach in early May,
whereas releases in late April and early May arrived in late May. The
range of travel time for each group was again broad for early releases and
narrow for late releases. Once again, the rate of movement to the estuary
increased as the migratory season progressed, but in 1968 the change was
more abrupt between early and late April. The overall average rate of
movement decreased slightly in 1968 (15.7 km/day) compared with 1967
(17.7 km/day). Completion of the John Day Dam in spring 1968 impounded
over 100 km of free-flowing river and perhaps accounted, in part, for the
apparent slower movement of the migration in 1968. Raymond (1968)
indicated that rate of movement of yearling chinook salmon through McNary
Reservoir was about one-third the rate of movement in free-flowing reaches
of the river.

Movement of the 1967 and 1968 releases at Ice Harbor Dam is compared
in Figure 18. Plotting the time of release against the average number of
days to reach Jones Beach for each of the groups of coho salmon indicates a
close agreement between the 2 years of travel times that apparently are a
function of time of release.

2_/ Krema, R. F., C. W. Long, and W. M. Marquette, Fishery Biologists,
Northwest and Alaska Fisheries Center, Coastal Zone and Estuarine Studies
Division, NMFS, NOAA, Seattle, WA 98112, pers. commun. and unpubl. data.
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Table 15.  Rate of movement and recovery of marked coho salmon fingerlings released at Ice Harbor
Dam between 24 March and 15 May 1967 and subsequently recovered at Jones Beach.

Release
period

Recovery
Number Number rate per Range
of coho recovered 10,000 of days StandardDays to

released at Jones Beach
Average

released recovered Jones Beach deviation km/day

24-27 March 37,790 5 1.3 31-54 40.2 8.4 11.5

30 March-
3 April 87,770 15 1.7 32-53 38.9 7.2 11.8

6-10 April 97,051 21 2.2 20-46 32.3 7.5 14.9

14-17 April 87,295 10 1.1 23-40 31.2 5.6 14.9

21-24 April 91,304 12 1.3 17-41 23.4 6.9 20.0

28 April-                   

 ___           ____                    

May 89,895 5 0.6 16-25 19.0 3.5 24.3

5-8 May 84,574 7 0.8 12-17 13.9 1.9 32.9

12-15 May 67,444 15 2.2 3-13 9.7 2.7 46.1

Totals 643,123 90
Grand avg. 1.4 26.1 17.7



Table 20. --Rate of movement and recovery of marked coho salmon fingerlings released at Ice Harbor Dam
between 28 March and 1 May 1968 and subsequently recovered at Jones Beach.

Release
period

Recovery
Number Number rate per Range
of coho recovered 10,000 of days Days to Standard Average

released at Jones Beach released recovered Jones Beach deviation km/day

28 March

1 April

2 April

3 April

4 April

5 April

9 April

10 April

23 April

25 April

26 April

20 April

30 April

1 May

Total
Grand avg.

41,987

34,744

34,776

34,786

34,744

34,779

34,789

33,966

62,587

35,971

35,935

32,344

11,982

42,450

505,840        
____            ____

13

8

5

4

11

7

5

5

16

17

20

11

2

28

152

3.1 13 to 59 36.2 13.5

2.3 32 to 53 39.9 7.9

1.4 21 to 48 35.6 10.5

1.1 30 to 51 39.0 9.2

3.2 27 to 48 36.7 8.5

2.0 31 to 45 35.9 5.5

1.4 36 to 45 39.2 3.8

1.5 34 to 44 40.8 4.2

2.6 22 to 35 28.9 3.8

4.7 19 to 33 26.0 3.9

5.6 18 to 32 24.0 3.6

3.4 21 to 25 22.7 1.6

1.7 23 to 24 23.5 0.7

6.6 19 to 28 21.9 1.9

3.0 29.4

12.8

11.2

13.2

11.8

12.8

12.8

12.5

11.8

15.9

17.7

19.2

20.0

20.0

21.0

15.7
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Variation in Hourly Seine Catches

It was apparent from the sampling at Jones Beach that coho salmon
smolts were present in greater numbers during midday than dawn or
dusk--there was no sampling at night. In 1970, it was possible to assess
hourly variations in the catch from 0600 to 1930 h each day throughout the
coho salmon migration. The coho salmon were separated from other salmon
and the total averaged for each 30-minute seine haul during the principal 3
weeks (26 April-16 May) of the outmigration (Fig. 19). During these 21
sampling days, 34,537 coho salmon were captured, which was 76.5% of the
1970 total catch of that species. Coho salmon were the dominant species of
salmon taken in the 3-week period, comprising 65.2% of all salmon captured.
Inspection of Figure 19 indicates that coho salmon smolts were captured
most frequently between 0830 and 1430 h, and the largest catches occurred
at midday. Samples of coho salmon were marked and released in the area
with negligible recoveries. We assume, therefore, that coho salmon smolts
are not milling in the area but are actively migrating seaward during
midday.

Fish Length in Relation to Seaward Migration

Fork length samples of coho salmon were taken daily and averaged for
each year from 1966 through 1971 (Fig. 20). The trend of increasing smolt
size is very likely a reflection of the changing rearing techniques at
state and federal hatcheries.

Differences in the average length of early and late migrating coho
salmon smolts were also apparent. Larger fish (>125 mm) consistently
migrated earlier than the smaller migrants (Fig. 21). Shapovalov and Taft
(1954), in a 9-year study of Waddell Creek, reported a similar gradual
decrease in the average size of coho salmon migrants as the season
progressed. Salo and Bayliff (1958), in a coho salmon life history study
on Minter Creek, also found large individuals migrating earlier than small
fish. Apparently this characteristic is not confined to one species since
Shapovalov and Taft noted a similar phenomenon for juvenile steelhead of a
given age class, and Hartman et al. (1967) reported that they and other
investigators observed a tendency for larger juvenile sockeye salmon to
migrate earlier in the season than smaller sockeye salmon.

The trend toward releasing larger coho salmon in recent years has
resulted in earlier timing of the peak migrations as well (Fig. 21). For
example, fish migrating in 1971 (mean annual fork length, 138 mm) peaked on
5 May, 10 days earlier than those migrating in 1967 (122 mm). Similar
relations were also evident in the other years as shown in Figure 22. The
strong relation (correlation coefficient, r = 0.85) suggests that the mean
annual fork length of coho salmon is a factor in the time that they migrate
seaward.
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Conclusions

1. Juvenile coho salmon migrate into the upper estuary between
mid-April and late May.

2. A relationship exists for yearling coho salmon between their rate
of seaward movement and the time of their release and the distance migrated
to the estuary. Generally, coho salmon released in upper reaches of the
Columbia River system moved downstream more rapidly than those released
near our sampling site. Also, fingerlings released before mid-April moved
at a slower rate than those released in late April or May.

3. Maximum catch abundance occurs around midday (0600 to 2000 h).

4. Improvements in rearing technique and diet at Columbia River
hatcheries during the study period appears to have caused an increase in
average annual fork length of coho salmon smolts entering the upper
estuary; about 10% during this study.

5. Average size of migrants characteristically increases through the
migration period; larger coho salmon smolts (> 125 mm fork length) were the
first to arrive in the upper estuary and were followed by smaller
individuals (< 125 mm).

6. Timing of the annual peak of migration for coho salmon varied in
association with annual mean fork length; overall average size for the
migrating population increased through the 6 years of study, and the peak
of migration came progressively earlier.



SECTION III--SALMONIDS, 1977-1983

Introduction

From 1977 through 1983, millions of juvenile salmonids were marked and
released from sites throughout the Columbia River basin (Fig. 23 and Table
21). From 2.3 to 5.0% of the migrating juveniles were marked each year to
evaluate cultural practices, bypass systems at dams, ocean distribution,
contribution to the fisheries, and other factors. Marked fish also provided
data to compare timing, movement rates, physical condition, and relative
survival differences between stocks following migration to the estuary.

The objectives of Jones Beach sampling varied somewhat from year to year
depending on fishery agency requirements and fish groups/stocks released. The
general objectives of research from 1977 through 1983 were as follows: (1)
define variables affecting timing and movement of juvenile salmonids to and
through the estuary; (2) evaluate recovery rates in relation to river flow,
release site, release date, cultural treatment, physical traits of migrants,
and effects of the 18 May 1980 eruption of Mount St. Helens; (3) evaluate
trends of relative survival and relate to survival of adults; and (4) compare
wild and hatchery fish stocks.

Methods

Sampling

From 1977 through 1983, beach and purse seines were used to sample
juvenile salmonids at Jones Beach, (RKm 75) near Woodson, Oregon, (Fig. 24).
In some years, additional sites were sampled. In 1978, beach seines were used
at Sand Island (RKm 9) and Clatsop Spit (RKm 7); from 1978 to 1980 purse
seines were used at McGowan (RKm 16), at incidental sites throughout the
estuary, and in the Columbia River ocean plume (24 km radius of the river
mouth).

Each year sampling was intensive during spring and summer (7 h/day; 5-7
days/week); additional limited sampling was conducted during fall and
winter. Sampling procedures, levels of effort, and catches of marked and
unmarked fish are listed and summarized by Dawley et al. (1985a and b).

Beach and purse seine sampling and subsequent examination of juvenile
salmonids  caused mechanical injury and stress which resulted in immediate
(0-20%) and delayed (0-5%) mortality. Delayed mortality was assessed by
retaining a random sample of about 50 fish in a net-pen for 24 h, 3 days/week
in May and June 1983 and occasionally during other years.

Weather, river, and tidal conditions during sampling affected catches of
juvenile salmonids. At Jones Beach, our ability to sample was unimpaired;
however, sampling efficiency changed with variations in river flow. Columbia
River flow (measured at Bonneville Dam by the U.S. Army Corps of Engineers,
1977-1983) varied widely within and between years (Fig. 25). During the
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Table 21. --Origins of marked juvenile salmonids captured during estuarine or 
ocean sampling, 1977-1983. Footnotes identify organizations 
responsible for marked fish groups. 

Abernathy SCDC a/ 
Alsea Hat, b/ 
Anadromous Inc. c/ 
Aumsville Pd. b/ 
Eiq Creek Hat, b/ 
Bonneville Hat, b/ 
Cascade Hat. b/ 
Casey Pd. a/ 
Carson Hat, a/ 
Chelan Hat, d/ 
Chinook R, Pd, e/ 
Cowlitz Slllfilon Hat, f/ 
Cowlitz Trout Hat, d/ 
Decker Flats Pd. g/ 
Deschutes R, b/ 
Dexter F'd, b/ 
llry Cr. h/ 
Dworshak Hat, a/ 
Euqle Cr. Hat, a/ 
Elokomin Hat, f/ 
E:ntiut Hat, d/ 
Gnat Cr, Hat, b/ 
Grays R, Hat, f/ 
Hagerman Hat+ a/ 
Hayden F'd, g/ 
Ice Harbor D, i/ 
John Day II, i/ 
John Duy R, b/ 
John Duy Reservoir i/ 
Jones beach i/ 
KQIQIIIQ Falls Hat, f/ 

Klaskanine Hat., b/ 
Klickitut Hat., f/ 
Kooskia Hat, a/ 
Leavenworth Hat, u/ 
Lewis R. f/ 
Lewis R, Hat, f/ 
Lit, Goose D. i/ 
Lit. Wh. Sal. Hat, a/ 
Lo. Granite II, i/ 
Lower K~~~QRIQ Hat+ f/ 
Lyons Ferry Hat. a/ 
Hurion Fks, Hat, b/ 
ticCal Hat. g/ 
tlc#enzie Hat, b/ 
tIcNary Il. i/ 
Naches Hat, d/ 
Nehalem Hat. b/ 
Nelson Sp, Pd, h/ 
Niagara Springs Hat, g/ 
Uakridge Hat, b/ 
Oak Springs Hat. b/ 
Oregon Aqua ,j/ 
Oxbow Hat, b/ 

Rnd, Butte Hat. b/ 
find, Butte Ladder b/ 
Roaring River Hat+ b/ 
Rocky Reach Dam k/ 
S, Suntiam Hat, b/ 
S,Fk, Kluskunine Pd. I/ 
Sandy Hat. b/ 
Sutus Cr. h/ 
Sawtooth Hat, g/ 
Siletz R, b/ 
Skumuniu Hut, d/ 
Speelyui Hat, f/ 
Spring Cr, Hat, a/ 
Stayton Pds, b/ 
The Dallas II+ b/ L i/ 
Toutle Hat, f/ 
Tucannon Hat, d/ 
Turtle Rock Pd, k/ 
Upper Kalama Hat. f/ 
Uunderveldt Pd, l/ 
Villiard Slollgh a/ 
Wullowu Hut, u/ 
Wurm Spring RI @ Hat, a/ 

Pahsimeroi Realring Pd.g/ Wllrnl Spring R, b/ 
F'atterson Slough a/ Warm Spring Trap b/ 
Pr. Rapid Spaw, Ch, f/ Washaugal Hat. f/ 
Ruinult Hat, f/ Wells Spaw, Ch, d/ 8 f/ 
Rapid R, Hut, g/ Weyco Pd, f/ 
Red R, Hat, g/ Whitebird Trap i/ 
Riqqins Trap i/ Willard Hut. u/ 
Ringold Rearing F'd+ f/ Winthrop Hut. a/ 

----.-----------I----------.-~-----------~----------------------------------- 

a/ lJtS* Fish and Wildlife Service I Fisheries Assist. Office, 2625 Purkmont 
Lane, Bldg. A., Olympia, WA 98502, 

b/ Oregon Dept. of Fish g Wildlife, P.0, Eoe 3503, Portland, OR 97208, 
c/ Anadromous Incorporated, Ht. 2 Box 2013, Deer Island, OR 97054, 
d/ Washington Dept., Gume, 600 North Capital .Wuy, Olympia WA 98504, 
e/ Sea Resources, PtOt Box 187, Chinook, WA 98614, 
f/ Washington Dept. Fisheries, 115 Generul Adsin, Bldg,, Olympia, WA 98504, 
CJ/ Idaho Dept., Fish g Game, 1540 WIlrner Ave., Lewistan, ID 83501, 
h/ Yakima Indilln Nation, Fish Resources Management, P,O, Box 151, Toppenish, 

WA 98948, 
i./ Natl, tlar. Fish. Serv., 2725 tiontluke Blvd. El, Seattle, WA 98112, 
J/ Oregon Aqua Foods Inc *, 88700 Harcalu Rd,, Springfield, OR 97477 
k/ Chelun County PtUID1, F'*O, Box 1231, Wenatchee, WA 98801, 
l/ Clatsap Economic Dev, Come, 0,S.U. Seafoods Lab,, 250 36th., Astoria, 

OR 97103, 
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Release site Rkm 

LOWER COLUMBIA R 6 TRIBS. 

1. Chinook R Pd 11 
2. Hamnond Ore 13 
3. Tucker Cr 29 
4. Stavebolt Cr 34 
5. Kleskanine R 37 
6. Big Cr 49 
7. Crnya RORH 13 57 
8. Grays RQRt4 21 68 
9. Jones Beach 75 

10. Beaver Terminal 84 
11. Abernathy Cr 91 
12. Elokomin R 94 
13. Rainier Ore 109 
14. Prescott ore 115 
15. Kalama R@RM 6 127 
16. Kalama R@RM 15 141 
17. Green R 160 
18. Levis R 163 
19. Cowlitz RQREI 47 184 
20. Cowlitz RCRM 50 189 
21. Dalton Pt 206 
22. “ashougal R@RM 10 213 
23. Skamania Light 219 
24. “ashougal R@RM 15 221 
25. Beacon Rock 227 
26. Blw Bonn D 230 
27. Tanner Cr 231 
28. Sandv R 235 
29. Lit b Sal R@RM 2 26L 

30. Lit “h Sal R@RH 5 268 
31. spring cr Hat 269 
32. Bin “h Rear Pd 273 
33. “lid R 275 
34 * The Dalles D 306 
35. John Day D 347 
36. Tows1 “ash 351 
37. Klickitat R 358 
38. Blalock Shore 375 
39. Patterson Slough 448 
40. NcNary D 470 

Release site Rkm Release site Rkm Release site Rkm 

41. Port Kelly “ash 501 
42. “alla “alla RQMo 507 
43. Casey Pd 516 
44. Villiard Slough 521 

OESCHUTES R 6 TRIES. CLEARWATER R 6 TRIES 

MID COLUMBIA R 6 TRIBS. 

45. Pnsco “nsh 522 
46. Yakinn RQMo 539 
47. Richland “ash 540 
48. Ringold Pd 568 
49. “h Bluffs 596 
50. Vernita Brid 629 
51. Pr Rapid Spaw Ch 639 
52. Crab Cr 660 
53. Wanapum D 669 
54. Vantage Brid 674 
55. Rock Island D 725 
56. Rocky Reach D 761 
57. Turtle Rock Pd 768 
58. Icicle cr 789 
59. Entiat R 790 
60. Chelan Hat 813 
6L. “ells Spaw Ch 828 
62. Methow RQUo 838 
63. Pateros Ferry 039 
64. Ilethov RQRN 28 893 
65. Ilethow RQHat 919 

76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 

Deschutes RQNo 
Shsrars Falls-No 
DeschutesQlU4 43 
Oak Springs Hat 
Maupin Trap IU4 50 
“mso R-Sher Fall 
Dry’ Cr-Wm Sp R 
I)FRchUtCSPKN R4 
“arm Spring Trap 
Pelton D-“m Sp R 
warn spring R 
“arm Spring RQHat 
DeschutesQRM LOO 
Beaver Cr-lhn Sp R 
Rnd Butte Ladder 
Rnd Butte Hat 

330 
363 
395 
404 
408 
425 
446 
463 
464 
473 
479 
485 
489 
494 
503 
506 

108. N Fk Clearwater R 809 
109. c1eor cr 868 
lL0. S Fk Clearwater R 941 
1LI. Lochsa R 1026 

S/,LMON R 6 TRIBS. 

112. “hltrhlrd l‘rnp YIIX 
113. Rippins Trap 959 
114. Rnpld R lint 967 
II 5. Lit Snl R 974 
116. S Fk Snlmon R I I 5 1 
117. Lrmhl RQMo 1239 
118. I.rmhl R 1294 
119. Pahaimcrol R 1311 
120. Upper Salmon R 1446 

JOHN DAY R YAKIMA R 

92. 
93. 
94. 
95. 
96. 
97. 

John Day RQMo 
John Dav RQRM 16 

I  

John OayQSpray Ore 
N Fk John DQRM 60 
El Fk John D@RM 32 
John D@Granite Cr 

349 
374 
623 

744 
749 
788 

121. Satus cr cl51 
122. Dry Cr 681 

OUTSIDE COLUMBIA RIVER BASIN 

SNAKE R 6 TRIBS. 

123. Siletz R 
124. Yaquina Bay 
125. Coos Bay Ore 

“ILWLETTE R 6 TRIBS. 

66. “illamette Falls 207 
67. llollalla R 220 
68. Clackamas R 247 
69. Tualatin R@Scogg 304 
70. Mill Cr 308 
71. S Santiam@Spt Ld 411 
72. S Santiam@Foster 416 
73. N santiemQMint0 452 
74. H FL WilliamQDexter 491 
75. NcKentiebLeaburg 492 

98. Ice Harbor I) 537 
99. Fishhook Park 557 
99a. Lyons Ferry 600 

100. Texas Rapids 630 
101. Ltt Goose D 634 
102. Tucnnnon R 691 
103. Lo Granite D 693 
LO4. Clarkston “ash 742 
105. Asotin “ash 754 
106. Grand Ronde R 793 
107. “allova Hat 940 

YAKTMA R 

126. Nelson Sp Pd 734 
127. Nile Sp I’d 771 
128. Ellensbuw 776 

LOWER COLUTlBIA RIVER 

129. Rock Cr 3hR 
I IO. fllpgx 135 
Ill. Tongue Ft ?A 
132. Conf. E. Fork Levis 146 

Figure 23.-- Map and list of release sites for marked fish in the Columbia 
River system with index numbers for location. 
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period of spring outmigrations,
3

April-June,
low (2,900 to 4,400 m /second);

river flows in 1977 were extremely
fl ws in 1978, 1979, 1980, and 1981 were

moderate (averaging 4,700 to 8,900 m /second);
s 3

and in 1982 and 1983 were high
(8,100 to 11,700 and 5,900 to 11,300 m /second, respectively). We evaluated
the change relative to river flow and for certain analyses adjusted catch data
to compensate. Water temperatures at Jones Beach fluctuated in a fairly
cons is tent pa ttern: during winter from l° to 5°C, during spring from 6° to
17°C, and during summer from 18°  to 21°C (Dawley et al. 1985a). In the lower
estuary (RKm 1-16) and the ocean plume, conditions encountered affected catch
efficiency and our ability to sample. Consequently, data pertaining to
juveniles in the lower estuary and ocean were used primarily for timing and
movement rate analyses and not for survival estimates.

Analysis

Subyearling chinook salmon were predominantly fall and summer races,
whereas yearling chinook salmon were predominantly a spring race (Van Hyning
1973) ; they were separated for analyses and presentation. Marked fish were
classif ied from mark release information provided by the fishery
organi za tions , whereas unmarked fish were classified on the basis of fork
length [error rates varied from 0 to 4% (Dawley et al. 1985a)]. Jones Beach
mark recovery data were expanded to represent a standard effort of 10 beach
seine sets and 5 purse seine sets per day, 7 days per week. Details of
expansion formula are in Dawley et al. (1985b). Sampling from other sites was
not adjusted.

Marked fish movement rates were calculated using distance traveled and
time between first date of release and the 10% fish recovery or the median
fish recovery at Jones Beach.

Juvenile catch percentages were compared with adult recoveries from the
fisheries, hatcheries, and spawning grounds. The adult recovery data include
recoveries from the fisheries, spawning surveys, and hatcheries which were
obtained from the Washington Department of Fisheries (WDF) , Oregon Department
of Fish and Wildlife (ODFW), Idaho Department of Fish and Game (IDFG), U.S.
Fish and Wildlife Service (FWS), and the Pacific Marine Fisheries Commission
(PMFC). Comparisons between groups released at different times or locations
May result in erroneous interpretations because of differences in ocean
distribution, unequal fishing, or sampling effort,

Relative Survival

To assess the statistical validity of estimated survival differences
between treatment and control groups, catch differences were evaluated in
relation to observed differences between replicate groups previously captured
at Jones Beach (Appendix Table Bl). To simplify the evaluation, an empirical
power of the test curve was developed where catch ratios (no. caught/no.
released) of rep1icate mark groups were averaged (U); the percent difference
between this average and each individual catch ratio was then calculated (Y)
and plotted versus the number of fish captured (X) . The curve in Figure 26
represents the 95% confidence level (P<O.O5) for the hypothesis that no
difference exists between groups.
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The empirical method was used for detecting significant differences
between catch ratios for treatment and control groups. Differences were
plotted in Figure 26 to discern if they were greater than those observed
between replicate groups with similar numbers of recoveries at Jones Beach.
If any of the plotted points fell outside the range observed for replicate
groups , significant differences existed between the catches of treatment and
control groups. For example, to evaluate the difference between two stocks of
steelhead from Hagerman Hatchery released in the upper Salmon River, we use
the following data:

Size No. captured
Stock (no./lb) No. released Actual Adjusted U X Y________

A 2 38,800 84 109 0.00320 84 12
A 5 39,100 104 142 104 13
B 4 37,600 102 119 102 1

All data points for X and Y fall inside the range of replicate groups (Fig.
26); consequently, we conclude there was no detectable difference in survival
to the estuary for Stocks A and B. Statistical evaluation using the G
statistic (Sokal and Rohlf 1981) provides a similar conclusion but takes
longer to calculate and in some instances may provide erroneous conclusions
because no adjustment for sampling effort is included. The empirical
evaluation accounts for variation (including random) that has affected
previous sampling; consequently, it provides a more precise evaluation (Efron
and Morris 1975).

Assessments of statistical differences among adult recoveries from mark
groups were made using the G statistic at P < 0.05 rejection of the null
hypothesis (no difference).

Relative survival estimates for mark groups given various treatments were
made by comparing catch percentages of control and treatment groups by the
following formula:

(% catch treatment - % catch control) x 100 = % difference
% catch control in survival

Results. and Discussion

Numbers of marked and unmarked fish captured during estuary sampling
varied from a high of 370,000 in 1977 of to a low of 170,000 in 1980 (Fig.
27). The variation was related to numbers of juveniles released from culture
facilities, sampling effort, and river flow which may have altered catch
efficiency. In 1980, decreased catches also resulted from the effects of the
18 May eruption of Mount St. Helens.
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Empirical Power of Test Curve
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Figure 26.--Empirical power of the test curve developed by comparing
differences between catch percentages for replicate mark
groups to number caught. * = treatment groups from example
in text.
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Migrational Timing

Migration patterns of juvenile salmonids into the estuary, depicted by
catch per set (CPS) averages, were similar between years. Few fish were
captured in January and February (less than 10 fish captured per set). A
small CPS peak of yearling and subyearling chinook salmon (25 to 95) occurred
in March followed by a decline in early to mid-April. Steadily increasing
numbers of yearling and subyearling chinook salmon, coho salmon, and steelhead
occurred after mid-April with peak catches in May and early June (100 to
200 CPS for yearlings and up to 1,000 CPS for subyearlings). Year1ing fish
catches declined rapidly during June to less than 10 CPS by early July and

 almost none were captured through the end of the year. Variable numbers of
subyearling fish were captured in July and August (25 to 350 CPS) , catches
then declined in September (15 to 75 CPS) . Small peaks of subyearling chinook
salmon were recorded in November (10 to 40 CPS) and decreased in December
(less than 5 CPS) . The catch per set pattern of 1983 (Fig. 28) depicts a
migration pattern similar to most years; catch patterns for other years are
presented in Dawley et al. (1985a).

Spring and Summer Migrations .--In general , timing for upriver stocks
migrating through reservoirs and past dams is char

3/
terized in reports by Sims

et al. (1978-1983) and by the Water Budget Center.- At Jones Beach, peaks of
migration for yearling chinook salmon, coho salmon, and steelhead were
generally in the latter part of May (Table 22); subyearling chinook salmon
showed a wider variation of migration pattern than yearlings, but generally
the peaks were directly related to release dates of major hatcheries and river
flow.

Fall and Winter Migrations .--Attempts to decrease rearing costs and/or
increase adult returns prompted renewed efforts in the 1970s and 1980s to
determine the effects of releasing salmonids during fall (Smith 1979a; Hansen
et al. 1979). Preliminary recoveries of adults indicated benefits in some
instances (Smith and Zakel 1981) and none in others (Hansen 1982).
Researchers were concerned that some of the fall released juveniles would
overwinter in tributaries and compete with wild stocks. Observations
demonstrating residualism were made at the Pelton Ladder on the Deschutes
River (Hart et al. 1980) and at Jones Beach (Dawley et al. 1978).

At Jones Beach, sampling was extended into the fall, winter, and early
spring of 1978-79, 1981-82, and 1982-83 to examine the timing and migration
success of fall released fish. Most fish released in the fall migrated past
Jones Beach before 15 December; the remainder passed primarily in late
February, March, and April (Table 23). Large portions of a few groups,
however , wintered upstream from Jones Beach and migrated during the spring.
In 1982-83 when the effort at Jones Beach was substantial throughout most of

3_/ Water Budget Center, 2705 E. Burnside,  Suite 213, Portland, OR 97214.
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Table 22 .--Dates of migrational peaks for juvenile salmonids at Jones Beach
indicating migrational overlap, 1977-1983.

Year

Week of peak migration a_/
Chinook salmon Coho

Subyearling Yearlingc_/ c_/salmon Steelheadc_/

1977 21-27 May - -- --

1978 11-17 June 7-13 May 14-20 May 14-20 May

1979 2-8 July 14-20 May 28 May-3 June 14-20 May

1980 11-17 June 7-13 May 14-20 May 7-13 May

1981 6-10 June 7-13 May 14-20 May 7-13 May

1982 11-17 June 21-27 May 21-27 May 21-27 May

1983 4-10 June 14-20 May 21-27 May 21-27 May

a_/
b_/

From the date of median fish recovery; not adjusted for river flow.

c_/
Timing based on beach seine catches.
Timing based on purse seine catches.
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Table 23 .--Catches of marked juvenile chinook salmon at Jones Beach (RKm 75) 
released in fall and late summer 1977-1983. 

rlrle_a_s_e_inta_rrat_lono_/ 
-IIn 

RcE!rrLin-fomm 

-cmi-- 
---Q~~RTilii-----~ 

Size Gear c/ ---Xaj; 
Site Tp%Ft (tk) Date b_/ Mt./lb) code- (no,)(no.) X 

Date d/ 
m9e 

63/1?/15 Cmlitz e Hal, 84.1 28 Se 77 12 p" 0 0 0 -- : I 0,002 03 hp 
0 

W/16/27 S.Santiaa e Hat+ 2007 07 No 77 13 : ii0 - : 2 O,OM 11 b-02 ny 

W/l;/;; S.Suntiam e Hat. 5bs3 07No77 11 I? a 0 ; --- 10 1 : O*Y 0.005 28 Ap 

09/;pW:t, . IL SAntiaa e Hat, 84.5 00 No 77 11 ; ;oyj -- - _- 8 7 12 13 0,014 0,015 27 iir-28 hp 

07/1;/5\ Bonneville e Bonn. Tule 

07/16/58 Bonneville G Bonn, Bright 
k 60 

07/16/2b, Bonneville @ Mill Cr. 
19117-18 

07/17/37 Dexter e Dexter Tule 

b3/17/47 K, Falls 

05/0$5~ Lewis 

07/17/?7 Marion FKS 

07/17/38 Dakridqe 

07/17/39 Dakridpe 

07/17/40 Dakridqe 

10/03/28 Red R. 
07/19/26, S,Sontiam 

27-28 
07/1;/?390 S,Santiam 

e Hat. 

e Lwi5 F,Chin. 

P flint0 Corm 

e Dexter 

e Dexter 

I Dexter 

SFK Clearwater 
e Hat. Yilliar 

Blw.Yillar Fdll 

88.7 30 oc 78 

89.2 30 Llc 70 

150.8 8-9 No 78 

23,O 07 Ma 78 

1400.9 15 Se 78 

lOB*? 01 No 78 

92,v 06 No 78 

24,O 07 No 79 

2B,9 07 No 70 

29.4 07 No 78 

37,O 21 se 78 

64 07 No 78 

65.4 07 No 78 

8 sp t 8 
3 23 

0 i : ii 

po& 06 No-12 De 10 

“oh; 06 No-17 No l! 

‘0 13 De 14 

0,015 0 27 No-05 De i 
0,131 
0,261 20 Se-08 No ;: 

0.b 12De 40 

1 -- : 
i OS De t 

0,044 

p;; 10 No-05 De 2 5 

?Bo 0$32 20 fir12 Ap 

4; 0,;49 15 Fe-03 My 

g y; 05 m-04 ny 

li 0,067 ‘0 22 nrOS Ap 

1: O$l? 02 hp-21 bp 

9 0+;32 15 Fe-04 Ap 

30, 0,0037 2B ltr-11 Jn 

30 O.;ll 29 tlr-30 Hr 

83 po.02: 10 nr-1G Ap 

: “oh: 06 Ap-01 fly 

0 ‘0 03 Jn 
7 0,019 

M-06 

3; 0043; 27 Fe-02 MY 

1; $f# 04 Ap-30 hp 

07/1?/35 Bonneville 

07/19/14 Bonneville 

b3f 1?/4? Coulit2 

b3/19/51 Coulit2 
07/20/ 49 IkKMzie 

07/20/50 IkKmzie 

07/24/52 IkKmzie 

bW9/20 Lewis 
07/20/47 DaKrldge 

07/20/ 45 Dakridqe 
07/20/43 Dalridgc 

07/20/41 Dakridqe 

F Hat, Brights 51,2 20 No 79 12 ) - - - -- 4 7 0,013 23 Ry-17 Hy 

e Hat. Tule 40.7 20 No 79 9 ,p 1:: -_ : 1: w 09-30 Ir 

e Hat. 23.4 lb o( 79 85 1 z 1 1 -- 
- - _ 

i 

; 

4 

2; 

25 

Of5 09 Hr-23 Ap 

c Hat. 7.8 lb lk 79 65 - - - -- 0,.k8 11 fir-05 fly 
e Leobuq 31,b WI+079 b 8’ 1 I I -- 30 0:p 27 Hr 

e Lenburg 28.4 09 No 79 7 ep 1:: - P 4 0.014 11 M-15 Ap 

e Lmbuq 33.8 09 No 79 15 t : : : -- : i 8% 19 nr-30 

,P 

np 

-- - Speelyai 51.7 05 Se 79 28 18 81 0.156 11-25 Se ! 20 o&4 27 Ap 
P Dexter Laqe 31.3 05 No 79 9 sp : : : -- 20 ! O&l 24 Hr-02 &p 

I Dexter Ungraded 30,9 05 Nu 79 14 ,p : I I --- so 70 0*:22 24 fir-23 
3 3 0,011 

bp 

@ Dexter llediw 31.3 05 No 79 lb 1 :: I I -- : 1; i.03; 12 m-09 IIp 

I Dexter Small 30.8 05 No 79 29 % 1 - : -- 
- - _ 

20 ; 0$4 18 lir25 ltr 
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Table 23 .--continued. 

07/19/43 Oakridpe e Foster 32.0 7-0 Ma 79 9 B 

07/19/44 Oakridpc e Blu.Yill~Fall 34.8 OB Ma 79 10 ,P 

10/21/12 Red Riv, D S.Fk,Clear&er 43A 25-7 Se 79 27 ,P 

07/20/22c; SAantim e km 102.0 5-b no 79 9 ep 

07/20/f Wantim i? Blu.Uill.Fall 6940 5-b Ilo 79 9 i 

---------------------------------19~OF,- 

07/17/34 Bonn. Hat. I Hat. Brights 51.3 05 No 80 14 B 

07/22/471 krion Fks @ II;~o Carson 100.0 05 No 80 20 ; 

07/22/:88 HcKenzic P Leuburp 32.4 05 No 80 11 ; 

07/22/21 RcKenzie e Lcaburg 37.9 05 No 80 15 sp 

07/23/06 Oakridge ii, @ Dexter 30*1 5-blkl80 28 ep 

07/22/24 Oukridbc H, P Dexter 27.1 5-b lb 80 11 sp 

10/21/27 Red R, e S.FK.Cleorwoter 49,5 lb Se 80 25 sp 

05/08/;!1 Yarn Spr. Hat. p Hat. 54.7 01 No 80 9 

---_---------_--_--_------------- 1p81q ,----------- 

07/21/383 Bonn. Hat. @ Hat, Tule 101.6 09 No 81 10 B 

07/2l/iit Bonn, kt, 
8 4; 0,041 

P Hat. Brights 100,5 09 Na 81 10 i 
McKen. Stt.) i 33 0,033 

07,22,37 Dexter e Dexter Ungraded 29.4 05 No 81 4 ep -- - 
12 45 0.154 

07/25/22:, Hurlon Fls, @ Rinto 92.3 03 No 81 24 sp 
00; 

07/22/23 licKerme P Leaburq Ungraded 31.1 05 No 81 B ep 

07/25/17 IlcKenrie P Leaburg Large 31.1 05 No 81 5 ; 
9 42 0,;35 

07/25/19 McKenzie P Leaburq iledlUB 05 No 31 10 

07/24/18 Oakridbe P Dexter 
‘Oahf;,e Stk,) 

31.7 05 No 01 6 

07/23/08 Opkridqe P Dexter Ungraded 29.7 05 No 81 9 

07/?4/23 Oakridqe P Dexter Rediur 31.7 05 No 81 19 

07/23/47 Rd. Butte Hat, @ Hat. 44,2 05 R ai 
07/23/49 Rd. Butte Nat. @ Hat, 26.9 05 oc 81 

-__---_____--------------- 

07/23/63 Bonn, Hat, e Hot. Tule/Yell 45,9 

07/25/44 Bcm, Rut, e Hat, Tule/Tanner 51,b 

07/25/48 Bonn, Hat, P Hat. Bright/W1 50.7 

07/25/45 Bonn. Hat. P Hut. Bright/Tanner 48.6 

05/09/52L Coulitz Hat, e Bib Mite 
53, Rfi PI 1,2,4 

63;;;;50t Couiitr Hat, e Hat, 
LiSU 3 hmrshat Hat, @ Hat. 

295.9 

59,s 

28*1 

b 

11 
2 13 0.028 - - - 
0 0 0 

pS i.bl; 19 HrlB Ap 

_-- 

- - -  

- - -  

I -  

- - -  

- - -  

‘0 O*io7 
19 Hr 

11 b+ 31 11 Ap-23 Hr-01 NY 

2 O*F 

hp 

0 04 
9 0.024 

Ap-21 np 

0 
2 

**ON 31 Kr 

0 
2 

O&6 31 Hr 

0 *A7 05 I+05 Jn 
9 
0 
4 

Ok7 13 np-01 ny 

11 - 18 No 

11 - 13 No 

16 No-03 De 
I- 

16 - 30 No 

lb - 19 No 
-- 

25 - 27 Ma 
--- 

26 No-03 De 

-__ 

0 0 0 
1 4i o~oo4o 
2 11 0,011 
0 0 
1 3 0,ooll 

0 
; 9 

0 
0.~10 

i 00 00 

00 00 00 

i 0 7 o*op18 

i *so O.Lb 
f 5 0,017 

3 10s 0,0041 
0 0 0 

H 0” 0” 
I 0,004 

07 h-07 np 
25 - 29 I(r 

28 - 29 Hr 

25 np-23 HY 
-- 

-- 

28 - 29 Nr 

--- 

12 fir-01 np. 

14 tir-03 np 
-- 

05 Hy 

-------1992-m ----------___-_------------ ---- 

01 Na 82 11 
ps 

115 236 0.522 --- 4 8 0,018 13 - 29 tlr 

14 2097 00%~ --- 
0 0 

01 No 82 12 
ps 

5 
OS 0 

O&I 27 Ja-08 f!r 
18 41 0,079 

01 Ho 82 12 
ps 

9; 200 ;A;; _-- 2 
; b 

0.!04 17 Fe-03 tlr 

01 No 82 12 
p” 

94 228 b:445 - 
13 25 0,051 0” 

0 0 --- 
21 No 82 30 

; 32 
0,001 -- 7 1; O.!Ob 27 Ja-05 lly 
0,002 

01 Se 82 30 
ps 08 

0+29 03 No-19 No f Ii %:ri 26 Ja-22 hp 

lb De 82 12 
pe 00 ; -- ; ‘0 

9” 0.032 
24 b-05 My 
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Table 23 .--continued. 

07/25/21 McKenzie Hat, @ Leaburg Ungraded 32.3 OB No 82 11 B 0 i 0014 26 No 7 9 0,029 11 Hr 
2 0 07/27/19 IkKmzie Hat. B Leaburq Larqe 32,O 09 Na 82 7 ,P 2 5 0:014 30 No-10 De ! II” O-t33 26 Jo-10 fir 

07/17/21 IkKcnzie Hot, P Leaburg Rediue 31.9 08 No 82 16 rp 22 i toOi 30 No-09 De ! 159 0.!45 12 - 28 ftr 
07/27/15 Rnd. Butte Hat. C ht. Man.Incu, 56.2 11 Oc 82 24 
07/25/20 Bode Butte Hat. 9 Hat. Fad.Incu+ 24.8 11 Oc 82 6 

P 2 4 0.016 0 0 0 

63/24/10 Coulitz Hat. 0 Hat, F. Chin. 146.4 02 No 83 20 B 71; 00’~~1)04-18N0 - - - - - - 
10/13/20 Eagle Cr, Hut. P Hat. Stress 36,) 17 Oc 83 9 ,P 2 3 b:OO8 02 No-22 No 1 - - - 3 lb 0,044 - - - 
10/13/21 Eaqle Cr. Hat. @ Hat. Cmtml 36.6 17 Oc 93 8 rP - - - -- 

rp 

p 2 0 0$04 10 No-11 No 

1 
- - 

10/13/22 Eagle Cr. Hat, @ Hut. Cmtml 35,8 17 Oc 83 8 2 0,006 08 No-22 No - - -- 

2 o+o31 10/13/23 Eaqle Cr. I!& B Hat. C&ml 38,5 17 Oc 83 9 I 0 ‘i 0 02 No-22 No I : : - 

2 07/29/43 Rnd.Butte Hat, P Hot. Norr,Incub, 53+6 06 DC 83 14 ,P 1 '20 ooz **a 
'0 

: I I -- 
07/2W37 Bnd,Butte Hat, B Hat, Fast Iacub, 28.2 06 Oc 83 6 i 2" If 0.047 24 lk-07 No 1 1 1 -- 

43/22/59 Mashouqal Hat. B Hat. Fe Chin. lOL2 31 hu 83 28 i 10: 2tY: i:% 06 Se-05 Lk 1 : 1 -- 
P 15 153 a*151 b3/22/39 Mashouqal Hat. e Hat. F. Chin. 100.6 11 Or 83 23 # 39 307 0.305 lb Oc-04 No _' : 1 -- 

29 145 0,144 
63/22/38 Mashoupal Hat. P Hat, F, Chin. lOb)3 02 No 83 22 ,P 7: 49; kr2 04 - 15 I(0 1 1 - -- P - - - 
----s----w _---------- ___ ------------------------- 

a/ only groups with recoveries at Jones Beach are listed. More complete information 
available from Dawley et al. 1985b or releasing agency Table 1. Binary coded 
wire tags: Ag=Agency .:ode, D!=Data 1 code, and DZ=Data 2 code. Color coded 
wire tags begin with WH and each two digits thereafter represent a color. Brands 
are represented by the following: Loc=Location on fish. Sym=Brand symbol. and 
Rot=Rotation of symbol. For abbreviations, symbol, and descriptions see Dawley 
et al. 1985b. Abbreviations are listed: Blrsdownstream of, Bonn=Bonneville, 
Bright=Stock of fall chinook salmon which changes color only after extended 
residence in fresh water, F. Chin=Fall chinook salmon, Fk=Forks. Hac=Hatchery, 
Incu=Incubation, K=Kalama, Large=Fish selected for largest size, McKen=McKenzie, 
Medium=Fish selected for medium size. Rd=Round, R=River. S=South. Small=Fish 
selected for smallest size, Spr=Springs. Stk=Stock, Tanner=Reared in Tanner Creek 
“ate=, Tule=Lower river stock of fall chinook salmon, Ungraded=No selection for 
size, Well=Reared in well water, Willam=Willamette, and @=Released at. 

a/ TWO letter abbreviation for months Se, Oc. No, De, Ja, Fe, Mr, Ap, My, Jn 
represent September through June. 

r/ B = beach seine and P = purse seine. 

d/ Range of dates for beach and purse seine recoveries combined. 

e/ No purse (low B effort). 

f/ No fall and winter sampling. - 

g/ No fall and winter beach seine. 

h/ No winter and spring sampling. 
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Figure 28. --Weekly catch per set averages for subyearling chinook, yearling
chinook, coho, and sockeye salmon and steelhead caught by beach
and purse seines at Jones Beach, 1983.
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the year, catch data indicated that nearly 50% of the
4/

fall released spring
chinook salmon from the Big Wh

5 /
ite Rearing Facility- ; the Cowlitz, Round

Butte, and McKenzie Hatcheries- ; and all fish from the Dworshak National Fish
Hatchery 6/ - overwintered in the river in 1982-83 then migrated in the spring
of 1983. The smaller fish of most stocks showed the greatest tendency to
residual ize.

Movement Rates

Raymond (1979) related increased river flow to faster movement rates and
higher survival of juvenile salmonids migrating through the Snake and Columbia
Rivers to The Dalles Dam. He also linked decreased river flows to slow
movement rate and low survival.

At Jones Beach, observa tions of movement rates and dates of passage for
individual mark groups indicate that movement rates of lower river hatchery-
reared subyearling chinook salmon were strongly correlated with river flow,
but movement rates of subyearling chinook salmon and yearling salmonids
migrating downstream from McNary Dam were not well correlated with river
flow. A relationship between movement rate and adult survival was not
attainable because of the diversity of the fish groups examined.

Annual averages for movement rates of each species during migration from
release sites to Jones Beach ranged from 7 to 36 km/day (Table 24). Movement
rates of individual tag groups ranged from 1 to 80 km/day. The fastest
movements from release site to Jones Beach were measured for groups of
steelhead captured and tagged at Lower Granite, Little Goose, and McNary Dams
and subsequently transported to various release sites downstream from
Bonneville Dam (Park et al. 1984). The slowest movement rates resulted from:
(1) individuals that resided in the Columbia River or its tributaries
overwinter and migrated in the spring; (2) yearling chinook salmon released in
March and April; and (3) groups of fall chinook salmon released at a small
size (lOO/lb or greater) during May, June, and July.

Little or no cessation of migration was observed for juvenile salmonids
in the Columbia River estuary which is substantially different from
observations from estuaries of smaller northwest rivers (Reimers 1973; Bottom
1981; and Healey 1980). The average movement rates of subyearling chinook
salmon decreased 30% between Jones Beach (RKm 75) and McGowan (RKm 16)
compared to the average rate from upstream release sites to Jones Beach.
Movement ra tes of yearling chinook salmon, coho salmon, and s teelhead through
the estuary compared to rates to the estuary showed no difference, a 40%
increase, and a 50% increase, respectively (Table 24). The period of capture
for individual mark groups at McGowan was generally equal to, or shorter than,
the duration observed for the same groups at Jones Beach. Similar dates of
recovery were no ted for marked fish captured in the beach seine at Sand Island

Fisheries Assistance Office, USFWS, Vancouver, WA 98665; pers. commun.

51
E. M. Smith, ODFW, 3150 E. Main St., Springfield, OR 97477; pers. commun.
T. C. Bjomn, Co-op Fish Res. Unit, Moscow, ID 83843; pers. commun.
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Table 24.--Annual average and range of movement rates for selected groups of marked
juvenile salmon and steelhead from release site to Jones Beach, from
Jones Beach to the lower estuary, from Jones Beach to the ocean plume,
1977-1983.

Average  (km/day)
Range (km/day)
No. mark group

Average (km/day)
Range (km/day)
No mark group

Average (km/day)
Range (km/day)
No, mark group

Average  (km/day)
Range (km/day)
No. mark group

Release Site to Jones Beach (RKm 75)a_/ RKm 75 to RKm 16 b_/
1977 1978 1979 1980 1981 1982 1983  1978 1979 1980--------------------------------     --------------    -------------

Subyearling  chinook salnon

7 16 21 19 18 16 22 4 11 25
2-27 5-39 2-48 2-48 4-32 2-41 4-31 2-59 l-59 2->59

10 13 14 10 12 12 3 14 9 33

6 10 21
1-20 1-50 l-99

23 31 26

Yearling chinook salmon

20 17 23 20 16 18
6-35 5-37 7-44 9-46 8-25 10-24

11 13 10 7 9 5

15 15 28
8-59 6-59 5->59

8 5 38

1 5 13
- 1-13 1-68
1 10 18

Coho salmon

16 20 18 23 14 17 26 22 28 25 11
6-26 7-57 8-37 7-53 5-25 7-29 16-59 12-59 20-30 - 2-44

6 8 7 5 8 7 4 3 8 0 1 12

Steelhead

21 32 29 34 36 35
3-39 10-61 12-43 18-52 26-45 27-53

7 6 4 3 3 5

44 - 43 21
31-59 - 20->59 - l-62

3 0 24 0 0 10

RKm 75 to Plume c_/
1978 1979 1980

----------------------------------------------------------------------------------

a_/ Marked groups representing large releases (>100,000) and released at similar sites 1977-1983, Not all groups
used as indicies were represented all years; several groups are missing for steelhead in 1982 and yearling
and subyearling  chinook in 1983,

b_/ Average from mark groups captured in substantial numbers in 1978  and 1979 but all groups weighted by catch for
1980; calculated using dates of median fish recapture excluding groups which passed in periods with low effort.

c_/ Average for all groups recaptured in the ocean, calculated from date of 1st recapture in the ocean within 24 km
of the river mouth.
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(RKm 7) and Clatsop Spit (RKm 9) as were observed from the purse seine at
McGowan. The dates of capture at McGowan closely represent the dates of
migration through the es tuary into marine waters . Movement patterns for
groups released directly into the estuary were not evaluated.

The grand average movement rate from Jones Beach to ocean sampling sites
for all mark groups of subyearling chinook salmon observed from 1978 to 1980
was 7% slower than the grand average movement rate through the estuary,
1978-80. The estimated movement rates for individual mark groups from Jones
Reach to seawater were of ten affected by low sampling effort and catch rates
in the ocean. Marked fish from other salmonid groups were rarely captured in
the plume area; consequently, movement rate cal cula t ions were not
meaningf ull . Data for mark groups are listed in Dawley et al. (1985b).

There is a large data base available describing movement rates for the
various species migrating to Jones Beach. Intraspecies differences were
better defined by separating stocks released upstream from John Day Dam from
those released downstream from the dam (RKm 347).

Stocks Downstream from John Day Dam.--In 1977, below average flows
apparently caused decreased movement rates which increased the duration of
migrations be tween release site and Jones Beach. For example, the migration
period (total days from date of release to date of median catch) for marked
groups of subyearling chinook salmon captured in August 1977 averaged 170%
greater than the longest migration period observed for each group from 1978
through 1983 (Table 25); average river flows during August 1977 were 21% less
than the least flow during August 1978-1983 (Dawley et al. 1985b).

In 1982 and 1983, above average river flows produced significantly higher
movement rates of subyearling chinook salmon (P<O.Ol, t = 2.87 at 74 df; Table
25) than near normal flows during 1978-1981.

During normal and high flow years from 1966 to 1972, we found that
subyearl ing chinook salmon which migrated the greatest distance moved the
fastest (Section I). Data from 1978 to 1983 confirm this; however, in 1977,
when river flow was below average, the marked group that migrated the farthest
(fall chinook salmon from Klickitat Hatchery-283 km) displayed the longest
migration period and had a very slow movement rate (4 km/day)--apparently
related to the exceptionally low river flow.

Four factors appear correlated with increased movement rate from release
site to Jones Beach for marked subyearling chinook salmon released at sites
downstream from John Day Dam: size, distance of migration, river flow, and
Na+-K+ ATPase enzyme levels in the blood (Zaugg 1981). To eliminate effects
on movement rate resul ting from variability in the stage of smoltifica tion, as
indicated by blood Na+-K+ ATPase, without using actual Na+-K+ATPase values
(necessary because data were available for a few marked groups only), we
calculated movement rates based on timing of the first 10% of the migrants
captured, assuming that those rates represented highly smolted fish.

Mu1tiple 1inear regression of movement rates for the tenth percentile
fish. recovery (Table 25), with size, distance traveled, and river flow for
lower river subyearling chinook salmon provided the relationship:
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05/04/46 l 269 125 2OMR 07 7nPR79 91 25 I? 229 0.174 6.4 0.165 5.7 5.3 0.15 
05lOb139 . 269 123 IOMR 7B 2bfwlOo 86 25 13 123 0.201 4.0 0.150 - 3.8 0.22 
05/07140,48,50,51 * 269 99 2bPR 92 4bPREO 94 25 21 92 0.096 b.2 0.409 4.9 4.9 0.17 
05/10/50 . 269 110 29l!M 88 15APRO2 105 49 IO 106 0.099 10.4 0.12O 0.2 8.3 0.57 

--- --- --- -- I_ --- --- --- --- --- --- --- -_- --- --- --- --_ _-- --- --- --- __- --- --- --_ --- --- --- 

Sprig Creek Hatchery-April Release 

05/44,45,49/01 HrtcberV 269 86 
05/50/01,RD II 4 ds Bonn.Dae 230 83 
05/60/01,b2/01 Retchcry 269 64 
05/54/01 . 230 79 
05/04134,44 ’ 269 78 
05/Ob140 I 269 ES 
05/07/41,49 . 269 71 
05/10/51,53,54 ’ 269 72 
05/OS151 Uutillr R. 467 79 
05/10/57 . 467 79 
05111/42,43 Hatchery 269 54 
RDUD U I ds Boon. 041 230 64 

--- --- -_- --- --- --- --- --- 

1711PR 107 
17bPR 107 
24RPR 114 
25RPR 115 
2BAPR IIB 
17RPR 108 
2xlPR 113 
2OnPR 110 

WA1 123 
7flnv 127 

--- --- --- 

05/46/01 Hatchery 269 42 3ollnv 
05/57/01 . 269 56 22MV 
05/04/33 . 269 50 2lMV 
05/06/41 I 269 51 llfw 
5bl40109 ds Bonn. Dar 230 45 22MV 
05107142 HatchcrV 269 65 9RlV 

05/07/46 Rock Creel: 368 75 
05lO7143 . 368 75 
05/10/52 IlatcherV 269 49 23lw 

--- --- --- ___ --- --- --- --- ___ --- 

150 
142 
141 
132 
143 
129 

143 
--- 

3011PR77 
lMV77 
ItMV7B 
IfMY 
3nnv79 

241\PROO 
2ERPRSl 
25RPRB2 
4MVS2 
7lMVB2 
5llAVS3 
BMVW 

--- --- 

31nnv77 
24tlRV7O 
22flnv79 
13ltAvno 
24AAVBO 
1 IHVBI 
IBHRVSl 
23HtIVSi 
25MVB2 

--- --- 

120 22 B UB 0.4lbjl 4.7 0.335 
121 26 7 304 0.627 4.7 0.504 
121 33 lb 328 0.213 B.O 0.246 
I21 32 14 201 0.249 8.8 0.2S7 
123 25 16 417 0.250 R.B 0.297 
115 28 17 IO8 0.299 7.3 0.307 
118 25 I7 113 0.126 6.5 0.121 
115 39 21 223 0.196 9.4 0.236 
124 48 0.103 10.0 0.129 
127 I06 0.105 10.2 0.134 
I25 39 31 109 0.108 9.6 0.132 
128 39 26 115 0.110 10.4 0.142 

___ --- --- --- -- --- --- --- -_ 

Sprinp Creek Hatchery--ltrV Release 

3.1 4.0 0.09 
3.1 4.0 - 
6.7 7.8 0.40 
6.7 7.0 - 
6.7 6.2 0.10 
4-e 5.9 0.00 
5.4 5.4 0.04 
9.1 7.e 0.34 

8.7 0.00 
9.2 0.00 

8.7 8.7 0.16 
9.3 9.3 - 

.- -_- --- --- --- I- -- 

151 34 27 42 0.092jl 5.1 
144 52 II 106 0.088 8.7 
142 61 47 PO 0.087 8.4 
I34 86 55 55 0.129 E.0 
144 39 33 71 0.080 8.1 
131 49 32 105 0.171 7.2 
130 56 0.04b 6.1 
143 10 0.050 7.1 
237 65 41 73 0.128 11.9 

--_ --- --- --- --- --- _-- 

0.077 
0.101 
0.097 
0. I49 
0.067 
0.174 
0.045 
0.053 
O.iEI 

__- --- 

4.2 4.2 0.21 
7.9 7.9 0.4i 
7.3 7.3 0.40 
8.0 8.0 0.45 
7.2 7.2 - 
6.5 6.5 0.44 

6.1 0.00 
b.6 0.00 

10.8 10.8 0.44 
___ ___ --- --- --- -- 

Sprinp Creek Hatchery--August Release 

05/03/39,40,41 Hatchery 269 lb 22AUS 234 25RU67B 237 49 32 19 0.043 3.9 0.032 3.5 3.5 0.00 
05lO4145 I 269 19 l7AUS 229 19Au679 230 49 33 33 o . ,O, 3 . 2 o . ,23 2 9 2 9 0.00 
05lOb142 . 269 I9 IONIS 223 13Ml680 226 65 32 9 0.144 3.7 0.104 3.b 3.4 0.12 

--- -_- -_- --- --- -_- -- -__ --- __- -- _-- --- --- --- --- --- -_- ___ ___ ___ ___ ___ ___ ___ ___ ___ -__ 

Tootle Hatcherr 

63llbl40 Hatchery 160 II7 17JUL 19U 5bU677 211 5 3 606 0.658 3.4 0.457 2.9 3.1 - 
- 63117163 . I60 98 27JlH 178 5JUL78 186 11 1 457 0.559 6.1 0.516 6.4 5.7 
- 63/18101 I I60 72 IbJUL I97 30JUL78 211 10 4 I64 0.267 4.5 0.210 

63/1O154,19141,54 ’ 160 160 2JlH 183 12JUL79 I93 6 3 Ebb 0.822 4.0 O.bl2 
;.; ;.: 

- . . 

83 



Table 25.--cont. 

Release infwartion _______________________________________ 
River 

la9 41 Novceent flo* a Flow 
lAq,rJ1,D2~ Recovery drtR2-~!---- Rate d_l Jones adjust. 

Brand _____ $i!c-b_! _____ Size iiih-&%- %h percent -!t_e!d_?y!- @y9r_y Beach WCO”. 

ILoc SVl not1 description fRko) (no/lb1 Id~,eo)fjull fdr,oo,~r~fjulll10’1~f502~ (no1 (7.I Was)?/ IX) !/ 

________________________________________---------------------------------------------------------------------. 

Kalroa Falls Hatchery 

b3ilbl55 Hatchery 141 76 2JUL 183 I4JUL77 195 8 3 131 0.207 3.1 
63llbl39 I 141 113 5JLlL 186 26JUL77 207 6 2 697 0.718 2.9 
63i17146 . 141 108 19JUL I99 3AU676 215 10 3 541 0.631 4.5 
63/19/51 . 141 180 EJUL 189 27JUL79 208 4 2 2229 1.429 3.8 
63/21105 I 141 115 2bJUN 178 12JULBO 193 I7 4 163 0.239 5.3 
63/20/36 . 141 119 2bAAV 146 3lMYEl 151 17 8 175 0.117 9.0 
63/24160 . 141 130 14JUN lb5 7JULE2 1ES 17 3 105 0.153 11.0 

___ _-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Klickitrt Hatchery 

0.138 
0.4bE 
0.497 
1.040 
0.204 
0.137 
0.205 

--- --- 

63/16105 Hatchery 358 92 4JUL IS5 19nu677 23 10 4 38 O.OWj/ 3.2 0.040 
63/16163 . 358 a7 21JUN 172 7JUL7S 188 21 I2 97 0.169 6.1 0.156 
63II9I49 I 358 80 7JUN79 158 224 0.127 4.2 0.097 
63i19147 I 358 85 SJUN 154 9JUNSO lb1 42 24 64 0.066 9.0 0.077 
63/20lOE 9 358 78 12JUN lb3 1EJUNEl lb9 47 30 30 0.032 11.2 0.043 
63/21157 l 358 83 13JUNE2 lb4 214 0.111 10.9 0.148 

--- --- --- --- _-- --_ --- --^ --- --- --- --- --- --- --- -_- --- --- --- --- --- --- 

KoosLia Hatchery 

05/04121 ds Bonn. Da1 230 40 IbHRV 136 21nnv79 141 I4 9 38 0.117 E.4 0.131 
05/04/26 Clear Crnt 868 40 lbJUN79 167 31 0.062 5.5 0.054 
10122ll8 I Eb8 36 lSJUNS1 169 I1 0.043 11.2 0.058 

--_ --- --- --- --- --- --- __- -_- --- --- --- --- --- -_- --- --- --- --- --- --- --- 

Little White Saloon Hatchery 

05/47101 
05/03/46,47,48 
05103/43,4~,45 
05/03/55,56,57 
05104140 
05/04I49 
05106143 
05/07/47,49,50 
05/04/35,36 

--- --- --- -- 

HatcherV 
. 
. 
. 
. 
. 
. 

261 122 
261 115 
261 13s 
261 too 
261 105 
261 123 
261 IO1 
261 94 
261 93 

.- -- - - -- 

1lJUN 
SiNbY 
1JW 

24JLiL 
29JUK 

1JUL 
lbJUN 
9JUN 
7JuIl 

--- --- 

lb2 
151 
152 
205 
180 
182 
16E 
157 
158 
--- 

2lJUN77 

EJUN78 
SlJUL7E 

3JUL79 
4JUL79 

19JUNSO 
IIJUNEI 
lOJUNS2 

--- -_- 

172 
15B 
159 
212 
184 
MS 
171 
162 
161 

--- 

7 6 267 0.12711 3.6 
32 I4 330 0.358 7.9 
27 13 334 0.348 7.9 
17 IO 61 0.109 4.5 
28 I7 254 0.21011 4.2 
22 lb 412 0.223 4.2 
32 22 94 0.073 9.1 
36 28 164 0.072 12.4 
38 21 267 0.136 10.2 

_-- --- -_- --- --- --- 

Loner Kalaaa Hatchery hl 

O.O?O 4.0 3.2 0.00 
0.385 6.1 7.3 0.45 
0.315 6.7 7.3 0.45 
0.086 4.7 4.7 0.21 
0.160 4.4 3.7 0.02 
0.170 4.4 3.7 0.02 
O.OSb 8.4 8.5 0.51 
0.105 11.1 10.0 0.57 
0.173 9.5 9.5 0.38 

--- --- ___ ___ -_- --- --- -- 

63/17/42 Hatchery 127 61 3innY 151 SJUN78 156 1S 136 0.136 7.9 0.146 
63/20/06 . 121 150 7JUN 158 13JUNBO 166 8 209 0.195 9.1 0.230 
63122154 I 127 100 4JLlN 155 IPJUNBl 170 4 175 0.133 11.2 O.lEO 
63/24163 I 127 II7 15JUN lb6 25JUNE2 176 6 191 0.162 12.6 0.239 

-_- --- --- ___ ___ __- __- --- --- --- --- --- --- __- --- --_ -_- --- --- --- _-- --- 

Priest Rapids Sparing Channel 

63/17/41 ds Priest Rap. Dar 639 I24 2bJUL7S 201 
b3/lEI21 . 639 74 17JUL79 I9E 
b3/20117 I 639 77 SOJUL79 211 
63/19140 l 639 88 4JULSO IEb 
63122lbl I 639 67 7JULSl IBE 
b3/21155 . 639 115 9AmEl 221 
bSl24156 . 639 67 23JUNE2 174 
63122l52 . 639 87 SJULS2 217 
63/26/11 . 639 84 17JUNS3 lb8 
63/26/I2 . 639 63 ZOJULSS 201 

20 0.055 5.1 0.046 4.7 
I2 0.045 4.1 0.034 2.7 
b 0.025 3.6 0.018 3.3 

11 0.02E 5.7 0.025 5.2 
13 0.083 7.8 0.089 7.2 
33 0.073 5.5 0.064 5.1 
35 0.099 12.6 0.146 11.7 
93 0.073 11.0 0.098 10.4 

141 0.096 9.3 0.115 8.5 
E6 0.103 7.5 0.107 6.7 

Flow a Eonnev~lle Dae ____________________----- 
lotal 4 Total S Spill: 
IOX rcc 502 rcc total 
(km0 lkcosl ratio 9/ 

2.4 2.8 - 
2.4 2.6 - 
5.3 4.2 - 
3.7 3.4 - 
6.0 4.9 - 
8.2 10.1 - 

10.0 10.4 - 
___ ___ __- --- -_- -- 

2.4 2.9 0.00 
7.4 5.7 0.42 

5.6 0.35 
8.2 a.3 0.50 

I0.E 9.9 0.59 
10.0 0.31 

___ ___ -_- --- --_ -- 

7.3 - 
5.0 - 
9.9 - 

--- -_- --- --- --- -- 

6.7 7.3 - 
0.3 0.4 - 

Il.1 9.9 - 
10.0 11.5 - 

___ _-- --- -_- --- -- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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Table 25.--continued.

a_/ More complete information available from Dawley et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency, Dl=Data 1 code, and
D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location  fish, Sym=Brand symbol, and Rot=Rotation  of symbol. For
abbreviations, symbols, and descriptions see Dawley et al. 1985b.

b_/  Abbreviations are listed: Bonn=Bonneville, Br=Bridge, D=Dam, ds=downstream,
Lo=Lower, R=River, Rap=Rapid, Res=Reservoir, Vari=Various, and Will=Willamette.

c_/  Julian date that 10th percentile or 50th percentile (median) fish were captured
at Jones Beach; calculated from adjusted daily recovery. Assessment limited to
groups showing data.

d_/  Movement rate from release site to Jones Beach for 10th percentile and 50th
percentile fish captured at Jones Beach; calculated from adjusted daily
recovery. Assessment limited to groups showing data.

e_/  Flow at Bonneville Dam (from CofE) and Willamette, Lewis, and Cowlitz Rivers
(from U.S. Geological Survey); average for week of median fish recovery.

f_/  Adjusted to represent flows at 7,000 m3/second  (7.0 kcms); % flow adjusted
catch = % catch x [1 + (kcms at Jones Beach - 7.0) x 0.0851. Assessment
limited to groups showing data.

g_/  Spillway flow at Bonneville Dam; total flow at Bonneville Dam; averages from
week of median fish recovery at Jones Beach.

h_/  Close proximity to the sampling site caused anomalous movement rate
observations--data not used in correlation.

i_/  1977 catch data are beach seine expanded to represent beach seine plus purse
seine by using the average ratios of purse seine to beach seine catch of that
fish stock from years 1978-1983.
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log (movement rate) = 1.034 - O.O106(size--no/lb)  + 0.00646(distance--RKm

2of release site) + 0.133 (flow-l,000  m3/second) and Ra = 0.66, F = 77.03

at 2, 74 df with P < 0.001.

The equation is given in the original data units but the statistics were
calculated using normalized units. Movement rates for groups which migrated
through Bonneville reservoir were poorly correlated with both date of recovery
(r = 0.06) and with the proportion of spill volume to total discharge at
Bonneville D a m (r = 0.10).

Though movement rates for subyearling chinook salmon generally increased
with fish size, the largest fish wlthin a mark group did not necessarily
migrate more rapidly than smaller fish. Increasing and decreasing trends of
daily mean length were observed within various mark groups; examples of each
are presented in Figure 29; coho salmon data are presented in Figure 30.
Previous observations of smolt behavior indicated that the larger fish within
a population migrated faster than the smaller fish (Shapovalov and Taft 1954;
Salo and Bayliff 1958; and earlier data on coho and subyearling chinook salmon
in this report).

From 1977 to 1983, lower river stocks of yearling fish were not well
represented by marked groups. Marked fish were released for specific tests
of: culture treatment, structural bypass effects, and/or date and release
sites. Therefore, trends in movement rates could not be examined for the
general salmonid population.

Stocks Upstream from John Day Dam.--In 1977, many juvenile s teelhead and
chinook salmon (possibly 50% of the run) stopped their seaward migration
upstream from Lower Granite Dam on the Snake River because of low river flows
and no water spill at dams (Park et al. 1978). Recovery of marked fish during
estuarine sampling in the fall, winter, and spring of 1977-1978 indicated that
few individuals successfully migrated in the fall or endured overwintering to
migrate the following year; only 13 marked fish released in the Snake River
during 1977 were captured in late 1977 or 1978.

Evaluation of the influence of river flow on movement rates of the fish
that migrated from the upper river in 1978-83 was limited to subyearling and
yearling fish captured , marked, and released in the tailrace of McNary Dam
(RKm 470). Other groups were not included because of: (1) extensive
migration in tributaries or areas of the Columbia River where a single river
flow would not accurately represent the conditions of migration or (2) effects
of transportation from Lower Granite, Little Goose, or McNary Dams (Park et
al. 1984). Flow measurements at Bonneville Dam generally represent conditions
from McNary through Bonneville Dams, but have little relationship to flows in
the Columbia River above McNary Dam or in the Snake River.

Movement rates of yearling fish from McNary Dam to Jones Beach were
higher than those of subyearling fish (means - 62 and 32 km/day,
respectively) , therefore, the data could not be combined. Movement rates of
steelhead and yearling chinook salmon were not statistically different
(P<O.05) and were combined for analysis.
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Movement rates of yearling and subyearling salmonids were not well
correlated with river flow. A linear model was developed for data from
yearling fish [movement rate (km/day) 3= 35.25 + 3.1 x flow (1,000 m /second)
(Fig. 31); however, correlation was not high for the 27 groups evaluated, r =
0.45. Movement rates for subyearling chinook salmon (mostly summer chinook
salmon from the mid-Columbia River which migrate during July-September) showed
little correlation (r = 0.19) with flow (Fig. 31). Variability between the 20
marked groups examined was high, and the slope was not significantly different
from zero (P<O.O5). Likewise, no correlation of movement to flow was observed
by Miller and Sims (1983) for subyearling fish migrating between McNary and
John Day Dams.

Variability of Catch

To make conclusions regarding differences in catch rate between time
periods or between fish groups, it is necessary to understand the variables
affecting each. Catches at Jones Beach were examined in relation to: time of
day, river flow, and size of fish; also, catch percentages of replicate groups
were compared to develop a base line of expected variation from sampling
marked fish.

Die1 Patterns.-- Diel1 movement patterns were examined to partially assess
the consistency of catch data to determine if morning sampling (7 h beginning
at sunrise) was representative of juvenile migrations throughout the day.

We evaluated catch per set in relation to hour and tidal fluctuation
during five 24-h periods in 1978 and 1980. Catches indicated that movement
patterns of juvenile salmonids were generally consistent (Fig. 32). However,
patterns were different than reported for other river systems and different
portions of the Columbia River (Thrower et al. 1985).

Die1 sampling indicated that the periods during the day and the lateral
locations in the river which grossed the largest catches of migrating
salmonids were as follows: sunrise to early afternoon near shore for
subyearling chinook salmon, sunrise to early afternoon in mid-river for
yearling chinook salmon (catches fluctuated in relation to the origin of the
fish and other variables), mid-morning to late afternoon near shore and early
morning to early afternoon in mid-river for coho salmon, noon to early evening
in mid-river for steelhead, and daylight in mid-river for sockeye salmon
(too few were captured to discriminate between hours of catch). Decreased
movement during darkness was indicated for all salmonids. No relationship
between tide cycle and catch was apparent for either beach or purse seine
sampling; detailed analysis is presented by Thrower et al. (1985).

Catch patterns observed during the five 24-h sampling periods were
compared with patterns from 7 h/day sampling from 1979 through 1983.
Generally, the curves representing percent of total catch per day by set were
similar in shape (Fig. 33). More fluctuation is apparent for die1 sampling
than for morning sampling, primarily because of sample size. Initial beach
seine sets during morning-only sampling captured a greater proportion of fish
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(relative percent catch per time interval) than in die1 sampling because fish
accumulated in the sampling area at night and increased morning-only catches,
but were cleared out in earlier sets during die1 sampling. Only data from
days with maximum effort (10 beach seine or 5 purse seine sets) during the
peak of migration (May and June) were used for evaluation. Means and 95%
confidence bands for percent of daily catch by time interval were computed for
each year, 1979-1983. These catch patterns were then compared with a pattern
developed from the aggregate of 1979-1983 data. Variations within years were
not large, thus confidence bands of catch percentages for daily set intervals
were small enough to show significant differences between sets for each
species (Fig. 33).

It appears that die1 movement behavior of fish at Jones Beach was
consistent, and that representative samples of most fish groups passing into
the estuary were obtained during one 7-hour portion (morning) of the day.
Exceptions that showed erratic patterns of migration were fish groups that
passed the site in 3 days or less (discussed later).

River Flow. --Two indirect evaluations were made to assess effects of
river flows on juvenile catch percentages from 1977 to 1983: (1) the ratio of
subyearling chinook salmon captured to the number released from hatcheries
each year was compared to seasonal average river flow and (2) catch
percentages from mark groups of similar fish released at different dates were
compared to differences of flow at recovery.

The first evaluation of effects from river flow indicated that 76% of the
variability of catch percentage between groups was attributable to river flow
(Table 26). The linear relationship (Fig. 34) from regression analysis was:
Y (catch percent) = 0.622 - 0.039 (Flow--l,000 m3/second) r = -0.87. using
this model, an increase in flow from 6,000 to 7,000 m3/second results in a
10.1% decrease in catch. Assumptions are: (1) survival for the subyearling
chinook salmon population reared at hatcheries was the same for all years,
(2) average river flow for the season appropriately represented the conditions
encountered by most fish, and (3) wild subyearling chinook salmon populations
immigrating from tributaries downstream from Bonneville Dam were a constant
percentage of the catch during all years. River flow data were an average of
the daily cumulative flow for the Columbia River at Bonneville Dam obtained
from the U.S. Army Corps of Engineers (1977-1983),  and the Willamette, Lewis,
and Cowlitz Rivers7_/,30 April-l July.

The second evaluation involved comparisons between catch percentages of
similar fish groups (same body size and stock) released at the same site on
different dates. To limit variations from survival differences related to
passage conditions at dams, only groups which did not pass through Snake River
or Columbia River dams were selected for comparison. The aggregation of data

7_/  Data obtained from the U.S. Ceoglogical Survey, 847 N.E. 19th Ave., Suite
300, Portland, OR 97232.
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Table 26 .--Numbers of subyearling chinook salmon reared annually at
hatcheries in the Columbia River basin, numbers and percent of
total subyearling chinook salmon captured in the beach seine at
Jones Beach, and seasonal average river flows, 1977-1983.

1977 1978 1979 1980 1981 1982 1983

No. released from a_/

hatcheries (millions) 82.3 75.7 81.1 63.1 66.4 64.5 63.9

No. captured at Jonesb_/
Beach (thousands) 381 263 303 131 139 154 122

Percent capturec_/ 0.46 0.36 0.39 0.23 0.22 0.25 0.19

River flow thou.m3/sd_/  4.0 8.0 7.0 8.5 9.5 11.1 9.8

a_/ Data obtained from Idaho Department of Fish and Game, Oregon Department of
Fish and Wildlife, U.S. Fish and Wildlife Service, and Washington Department of
Fisheries. Only fish released upstream from Jones Beach were included. Those
from Priest Rapids spawning channel, Ringold, Wells spawning channel, and
Hagerman Hatchery were omitted as these groups are almost exclusively purse
seine captured.

b_/ The following adjustment of catches was used to standardize effort levels
between years; (weekly average catch per set x 70 cumulative for the period 9
April-30 September each year. Catch per set numbers are listed in Dawley et al.
(1985a).

c_/ A constant percentage of wild fish within the catch year was assumed, and
the error from not including an estimated number was ignored.

d_/ Average from daily measurements of the Columbia River at Bonneville Dam,
Willamette River, Lewis River, and Cowlitz River, 30 April-l July (calculated
from data provided by: U. S. Army Corps of Engineers, NPD, P.O. Box 2870,
Portland, OR 97208, and U.S. Geological Survey, P.O. Box 3202, Portland, OR
97208.
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hatchery release number by year; plotted against seasonal average flow,
1977-1983.



(Table 27) shows an inverse correlation between river flow and catch
percentage. Increased flow resulted in decreased catch percentages in 59% of
marked groups ( 276). Groups which showed changes of catch percentage greater
than 99% per 1,000 m3/second were assumed to be erroneous and were deleted

1,000 3
from the data base. The overall mean (x

_
) decrease of catch percentage for a

m /second increase of river flow was 2.3%. These data produced a
relatively large standard deviation (SD) of 28%. Data were reexamined to
determine if variance could be decreased by separating the data into
categories of low, medium, and high flow or small, moderate, and large changes
of flow and/or by species. Categorizing had little effect on variation,
M ans
3

and standard deviation for decrease of percentage catch for a 1,000
m /second flow increase were almost identical for subyearling chinook,
yearling chinook, and coho salmon (x

_
 = 1.6, 2.8, and 2.5%, and SD = 28.2,

28.7, and 26.8% respectively). A single linear relationship over the entire
range of flow was used because change of catch percentage per incremental flow
change was not correlated with range of flow volume.

Limiting the data set to include only catches from similar mark groups
captured under conditions of large flow changes (> 3,000 m3/second) produced a
more consistent data set for evaluation of effects of flow on catch
percentage; mean 6.8% decrease of catch percentage per 1,000 m3/second flow
increase with a SD of 13.7% from 70 comparisons (Table 28). Differences of
means among species using the more limited data set were not statistically
significant at P < 0.05.

At this time, adult recovery data available for these comparison groups
(23 sets) show high variability (Table 28) and are insufficient to evaluate
precision of flow relationship to juvenile catches.

The two evaluations indicate that increased river flow causes decreased
catches of subyearling chinook salmon and yearling migrants in the beach and
purse seines. No difference could be detected between species or between
different
3

flow ranges. We used a linear catch decrease of 8.5% per 1,000
m /second increase of flow (average of 10.1 and 6.8%) to standardize catch
data for comparison of mark groups of fish captured under different flows.

Fish Size and Location of Sampling.--Most yearling salmonids were
captured in mid-river during purse seine sampling, and the majority of
subyearlings were captured near shore during beach seine sampling. However,
there were exceptions: ( 1) through mid-April each year, yearling chinook
salmon were captured primarily in the beach seine; (2) coho salmon released in
early May at sites close to Jones Beach (<100 km) were of ten captured in the
beach seine; and (3) large (< 50 fish/lb) subyearling chinook salmon and those
which migrated long distance (> 250 km) were of ten captured in the purse
seine. The ratios of beach seine to purse seine catch in May, June, and July
at Jones Beach were 1:3 for yearling chinook salmon, 1:35 for coho salmon,
1:41 for steelhead, and 1.7:l for subyearling chinook salmon. The average
size of marked and unmarked fish recovered in the beach seine were smaller
than those captured with the purse seine--5 to 10 mm for yearling fish and
10 to 20 mm for subyearling fish (Dawley et al. 1985a and b).
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Table 27.-- Marked groups used to evaluate catch percentages of ma 
relation to flow, 1977-1983. 

---------------------------------------------------------------------------------------- 

!LE~Y!J~~~~!!&l 
Source/stock c/ 

Jones Reuch 

ct!!~iE?E- 
Nunber 
@ou!A!h~Y r) Dpte fwil F'0u e' --no, ---- A_KE!SL 

Subywrlinq Chin& Soluon 

07/25/O? 
01’24’26 
07’28’28 --- --- _-- 
09’16’05 
07’16’08 
07’21’56 
07’24’07 
07’27’29 
07’27’30 

--- --- --- 

g:~~:~; 
07/i4’OS 

--- - -- __ _ 
63/M/02 
63’19’42 
63’21’56 
63’22’55 
63’20’32 
63’24’62 
63’25/03 

--- --_ ___ 

35 40 Lute Honneville Hat/ fol! U,35-44’lb.T 102.2 
(tie!1 105,O 

30 Jul 81 
44 03 

99*0 01 
bug 82 

--- --- nuq 83 --- --- --- --- --_ ___ ___ --- --- --- --- --- _-_ 
?B 78 Tule Bonneville Hut 183,2 (Yell 05 
76 uujer production) 96,b 01 

May 77 409 
Nuy 79 

0,47 
128 0,17 

f/ - 4+5 
9,J 

130,O 24 
105.9 23 
?!!“4 

bpr npr 81 82 148 262 0.12 0,25 
04 flay 83 

Ii:: 
g 0.09 lOA 

--- --- --- --- --- --_ --_ ___ ___ --- --~ 

i! Bonneville Hut ~1 287.9 Tule (Tanner Cr,) 01-29 79 499 75.7 12 thy 0.21 
80 81 57 9h.R 7,“““~Ill Hay Ill” 0.09 

___ -_- --- --- --- --- --_ ‘1-1 -I’::’ II’-“’ 
82 182 0+,9 11:o E 

-- --- -_- --- _-_ 
133 Covlitz Hot/ 2 (prodrction) 14beO 19 311 12094 27 Jun Jun 78 79 0.42 6.8 

\5$2, 12-28 Jun 81 $ o”$ 3:; 
94 

1LAI.J 
41.3 24Jw1-VOJUI 

72 199,2 
150.2 06-25 Jun --- --- --- --- ___ _-_ ___ --- ~~~ 

“- An’..’ 82 &; 0.37 7.3 

83 522 0.49 7.2 ~~~ --- _-- --- --- --- -_- ___ ___ 
63’16’39 113 63’17’46 Knlono Fulls Hot 

63'19'57 

108 

180 (prod;ction) 

145,7 22 Jun 77 697 

150.5 12 hl 78 541 

0.72 
?t< 22Jun-13JulJ9 2229 Osbb 

f' - 2,9 
63’21’05 “5 1,40 34’85 , 

IA” 11111.m 63’20’36 13-24 Jun 80 lb3 0.34 

63’24’60 
119 

.-_. . 
130 175.4 2i-La : 

163,2 
nor 

lOJun-1JJul 82 1W 0.16 --- --- --- --- --- --- --- --- --_ --- --- --- --- --- --- _-_ 
63’17’42 63/2O’Ob l&! Lo. Kolorn Hut 129~7 

iproduction) 
30 nay 78 136 0.13 7,9 

63’22’54 100 144.5 06 Jun 80 
63’24’63 117 139.4 155,3 01-11 Jun 81 :% 

13-25 Jun 82 191 
0:17 k:! 12:2 1;': 

--- --- --- --- --- --- --- -__ --- --- --_ o;L5K11 83 Spring Cr.Hat.e ds BonnA 76.1 
05’54’01 79 (79-E; lb.) 

98,2 --- --- --- --- --- --- --- --- --- --- --- 
63’lb/40 117 
63’17’63 

l# 
Toutle Hat 

63’19’41 
(produ$ion) z*i 

132:l --- --- --- --- --- _-_ ___ ___ ___ --- --- 

63’16’41 64 
63’18’03 
63'19'30 ;: 

Woshougal Hat 128.6 
(production) , 

63’19’46 
'Z ;' 

63’21’53 80 15S:S 
63’22’51 
63’24’61 ;; 

319.2 
277.3 
lb7.9 --- --- --- --- --- --- --- ___ ___ ___ ___ 

7 
6 

: 

07’16’57 
07’17’36 
07’21’40 
07’27’01 

__ _ ___ ___ 
07’16’61 
07’17’33 
07’21’43 
07’25’47 

--- - 

Bonneville Hut/ 
Tule ($11 uoter) 

47.9 
48.1 
5189 

. 3745 -- --- --- -_- --_ --- ___ 
Bonneville Hot/ 

Lute full ,LWell wuter) 
32.7 
49,3 
50,b 
49.9 

8 
7 
i 
6’ 

Yearling Chinook Sallon 

--- --- -- --- ___ --- ___ 
11 bpr 77 304 0.63 f’ 4.7 

20 hpr 78 --- --- ___ 

ii 2 73 
17 Jun 79 --- --- ___ 

28 Jun 77 
26 Jun 78 
14 Jun 79 

30 Jun 80 
2~&3JouunJu~281 
L --- --_ __ 

:“2” o”*;; 
52 0143 

d:9” 
44 0,23 1% 
--- --- --- ___ 

13 Nor 79 
13 Nor 80 
17 Nor 82 
08 Nor 83 --- _-_ __ 
13 Nor 79 
13 Nor 80 
17 hr 82 
23 Nor 83 --- --- --_ 

62 0,41 7.3 
70 0,33 
48 0.38 1x 
13 0.05 1010 --- -- --- -- 

201 0.24 8.8 -- -- --- --_ 
606 0,74 f' 3,4 

457 Os7- 794 0*82 to' --- --- --’ ___ 

188 0,23 f' 380 

212 o*2b - 
'it o*45 3i ' 
609 0.34 4,B 
417 0,25 
427 0.41 ;:; 

--- --- --- ___ 

,rked fish in 

. __ --- --- __.- --- --_ --- -__ ___ ___ ___ 
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Table 27.--continued. 

UHLBGN t 
(LA hN 4) 

05/04/37 

20 

19 --- 
5 

6 

8 

b 

Carson Hat 
(hca;lnq) 

41.0 

82.1 

03 nay 79 

28 iyr 80 
-_- --- --- 
08 hr 78 

23 hpr 79 

01 Apr 82 

04 npr 83 

28 

38 

O*OB 

0407 
--- 

0.45 

0.19 

O&O6 

0.05 

9,7 

8,8 ___ --- 
7.2 

6.4 

10,4 

9,l 

--- --- --- --- --- --- --- --- --- ___ 
63/17/H 
63/17/12 
63/18/17 
63/18/18 
63/21/34 
63/23/ 11 
63/25/05 
63/25/06 
63/26/09 

Coulitz Hot 58.3 
(Density 6,lb/qolhin) 57,O 

24.1 
24.3 

(Er,,,,,,$fi;,l @ $8 

(Adult arrival timing P 
5-6 lb/gal/rin) 77:s 

5G,3 --- --- --- --- --- --- --- --- -_- _-_ ___ -__ _-- -- 
24 b , 78 
01 I!!, 79 

--- --- --- 
13-15 Knr 78 

_-- --- 
8.1 
G*l 

--- _-- 
7.2 

09/16/58 15 
07/17/47 13 
07/17/48 

Eople Creek Hat 
(production) 

97*2 
46,2 
48.3 

53 

i: 
--- --- --- 

09/16/61 
OP/lb/62 
09/16/63 
07/17/25 
07/17/26 
07/17/29 
07/22/49 
07/22/50 
07/22/51 
07/25/25 
07/25/26 
0?/25/27 

--- --- -- 
09/17/01 
09/17/02 
09/17/03 
07/17/31 
0?/17/32 
07/22/52 
07/22/53 
07/25/20 
07/25/29 
07/25/ 30 

--- 
16 

--- --- --- -_- --- _-_ -__ _-- 

:: 
17 

;“: 

:; 

3 

:3’ 
26 
--- 

i 

36 

:o” 

1’4” 

;i 

Marion FKs, Hat @ tlintol 
Carson stock 

lb 03-05 npr 79 0.08 9s7 

14 16-23 liar 81 

15-17 Har 82 

0.04 

0,04 

6,5 

P&4 16 

--- 
12 

-- --- --- --- --- - -- 
ilarion Fks, Hat 9 Nintol 
Santian stock (12-17/lb) 

--- --- - -_ 
13-15 Mar 78 

--_ 
0.08 

___ -__ 
880 

17 

14 

15 

03-05 npr 79 

16-24 Kar 81 

18-22 tlar 82 

0.09 

0.05 

0.05 

?,7 

6,5 

10.0 

--- --- --- --- --- --- --- --- -__ 
Marion FKs. Hat @ flintor 
Santiam stack (19-20/lb) --- --- --- --- --- --_ 

tIcKerhe Fat 
(Gnded;aedlur) 

--- --- --- --- _-- -__ 

-_- _- - --- 
03-05 b r 79 
M-18 rp,, 81 

--- -_- 
0.08 
OS03 

--- --- 
07rl7r30 19 
07/22/54 20 

40,2 
48.3 

29 
7 

9,; 
7.9 

--- --- --- 
07/20/53 
07122122 
07/25/18 
07/27/20 

--- --_ --- 
07/20/48 
07/22/20 
07/25/ 16 
07r27rla 

--- --- --- 
15 tiar 80 
16 liar 81 
15 Km 82 
14 Mar 83 _-- A__ -- 
15 nar GO 
16 Ku? 81 
15 nor 82 
14 ilar 83 

--- 
:: 
1s’ --_ 
18 

:’ 
9 

--- --- 
65:; 
79:; --- _-_ 
5,8 

lo”3 
12.0 

‘p’ 
:o’ --- 
3 

3 

34.9 
36*0 
34~2 
30.0 --- 

KcKenzie Hat 
(Grade?-large) 

31,l 
35.6 
36.3 
36.2 --_ --- --- --- 

: 

: 

--- - -- _-- ___ _-_ - -- --- 
tkKenzie Hat 29.4 
(Ungrpded) 30,2 

32.5 
32.1 

--- --- --- -__ ___ --_ --- 
Dakridqe Hat @ Dexter 32,O 

(Graded;snall) 30*9 
27.5 --- --- -__ ___ ___ ___ _-_ 

Oakridqe Hat 9 Dexter 2985 
(Gmded;aediun) 30.7 

31.7 

--- --- --- 
07/2Q/51 
07/22/17 
07/20/54 
07/25/22 

l5 nar a0 16 tiar 81 :” 
15 Mar 82 
14 tlar 83 ,' 

0.11 
0.03 
0.03 
0.02 

5,G 
b,? 

9’:; 
-_ - --- --- --- --- --- ___ --- --- 

07/17/41 14 
07/20/40 
07/24/20 :4” 

19-20 Mar 79 
‘,“;l;a4w2 GO 

40 

lb” 

0.17 
OS13 
0,04 

6.9 
1::6” --- --- --- ___ _-- --- 

20 nar 79 
‘fpda:p;l 80 

15-16 liar 82 ___ -- - ___ 

_-_ --_ --- _-_ 
07/17/42 
07120,112 

Ei7 
07/24/2; 

--- --- --- 
07/17/44 
07/20/46 
07/23/03 
07/24/lP 

--- --- -- 

8 
8’ 

50 

[ 

5 

0,26 6.9 
0.14 5.8 
0.10 5.6 

29,? 
30,9 9 --- 

b 

3 
--- 

0.03 
--- 11+6 --- -_- --- --- --_ __- ___ -_- --- --_ 

Oakridge Hat G Dexter 32,G 20 nor 79 
(Graded;large) 29,O 10 liar GO 

31.2 16 Har 81 
30.7 15 tlar 82 --- --- -_- --- ___ ___ ___ ___ _-- --- 

36 

:2” 
G 

--- 

0.31 
0.15 
0,11 
0.10 --- 

7.3 
4.9 
6,2 
9.6 

--- _-- 
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Table 27.--continued. 

07117143 
07/20/44 
07/22/25 
07/25/13 --- --- --- 
09/16/21 
09/16/22 
09/16/26 
07/19/45 
07/19/46 

12 Oakrid e Hat @ Dexter 

$ ( e ngyded) 

30.2 

26,b 
30,7 2784 --- --- --_ --- ___ ___ ___ ___ 

8 S, Santiam Hat 25,o 
(production) 29,5 

14*9 
5 2984 

29.9 

20 nar 79 
10 nar a0 
16 Uar 81 
15 flar 82 --- --- - -_ 

13-15 nor 78 

32 0.18 6.9 

2; pg 65’58 
7 0:07 9:3 

-- --- --- --- 

:” 0*09 7*9 
1; 0.19 4.9 
--- --- ___ ___ 
30 0.24 7.9 
25 

;{ 0.28 4*9 

14 Mar 80 
- -- --- -_- 
13-15 nor 78 

13-14 nor 80 
--- I- --- 

--- --- --- --- --- -__ ___ --- --_ ___ ___ 
9 S, Santiar Hnt 26~9 

Melou Yilliaes Falls) 24.6 

5 
13,4 

l 32.1 
2885 --- --- --- --- --- --- --_ ___ 

Coho Salmon 

09/16/23 
09/16/24 
09/16/25 
07/19/47 
07/19/48 

- -_ --- --_ --- --- _-- --- 

07/ 19/08 23 Cascade Hat @ Tanner Cr. 27.9 
07/19/11 
07/19/63 

May release) 26,9 
24 29.2 

07/21/27 17 
07/21/30 

24,9 
26.7 

07 nay 79 

28 A P 80 
06 /a, 81 

--- _-- -__ 
07 Jun 79 

08 Jun 81 

25 way 82 

18 0.07 8.1 

:3” 0,08 7 6 
24 0,ll b:? 
28 --- --- - __ --- --- --- --- --- --- _-_ ___ 

23 Cascade Hat F Tanner Cr, 27,2 
(Late Nay-June release) 25,9 

17 27.9 
26.1 

18 27.7 
20.2 

18 43,l --- --- ___ ___ -_- -__ ___ ___ 

--- --- --- --- 
07/19/07 
07/19/10 
07/21/28 
07/21/31 
07/24/29 
07/24/33 
07/27/47 

it4 0*14 5,5 

‘2; 0.10 12,4 

ii Oe10 1110 
21 0,Ob 12.2 --- --- --- ___ 

ii os44 4*o 

:“9 Ok14 
7*6. 

24 nay 83 --- --- -_- 
06 Jul 79 

--- --_ ___ 
07/ 19/09 23 Cascade Hat @ Tanner Cr. 
07/19/12 

2486 
(July release) 25~2 

07/21/29 17 
07/21/32 

27.7 
28.9 

06 Jul 81 
- -- ___ ___ 

03 llay 82 
--_ --- ___ --- --- --- --- --- --- --_ ___ 

20 Coulitz Hat 10,s 
(Density ll.b-11,7 lb/gal/h) 10.6 

lo,2 
10.4 
10,5 

20 10.2 
10,3 
10.4 
10,2 
lo,6 

--- --- --- ___ 
63/24/30 
63/24/31 
63/24/32 
63/24/33 
63/24/34 
63/26/28 
63/26/29 
63/26/30 
63/26/31 
63/26/32 -- - - -- __ _ 
09/16/57 
07/17/46 
05/Ofl/26 
05/10/39 
05/10/40 
05/11/33 
05/11/34 

03 nay 83 

17 0.16 1199 
13 

:7” 

:9” 0.18 9,9 

:7p 

:3 --- --- --- -_- 
95 b.17 8,7 

128 0.22 6.2 

180 0,18 114 0.18 lKl 
115 
78 Oe13 9,2 
76 

--- --- --- 
24 t P 78 
22 ay 79 
22 A I 81 
06 It, 82 

04 nay 83 
--- _- _ ___ --- --_ ___ ___ 
03 Ilay 82 10*9 
04 Hay 83 

;; y; 
9,2 

--- --- _-- --- --- --- -_- ___ 
15 
18 

Eaqle Creek Hat 74.7 
(Oensity lb/u 0.4; ft/in) 14 l;;.; 

16 hi.3 
66<6 

15 60.5 
6288 --- ___ ___ ___ ___ ___ ___ ___ 

17 Low V.alora Hat 52.8 
17 (Density ll-11,5 lb/gal/rin) 52,O --- --- -__ ___ -__ ___ ___ ___ --- --_ __ _ 

09/lb/49 
09/16/50 
09/16/51 
09/16/52 
07/17/49 
07/17/50 
07/17/51 
07/17/52 

--- --- --- -__ 
15 

19 

Sandy Hat 
(nutrition) 

04 nay 78 21 0,08 a,1 
24 
19 
22 
28 0,13 a,1 01 Hay 79 
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Table 27.--continued. 

--- --- --- --- --- --- --_ ___ 
63/19/11 18 Toutle Hat 
63/19/12 

a4 

63/19/31 
May r+Ise) 34.7 

19 38.6 
63/20/58 39.5 

18 

18 

18 

17 

Sandy Hat. 
(nutrition) 

;?"2 01 Hay 80 

25:4 

i:i 

26:o 
26.5 
28:l z!!{ 01 Hay 81 

29.7 
29.8 
28,9 
2?,3 
2890 
2?+6 
28.9 
;i"3 30 4pr 82 

26:Q 
27,9 
27.3 
27,6 
24,o 
26~9 
27.6 
28,l 
;;'9 29 Apr 83 

54:1 
54,7 
54~6 
54,9 

-- --- --_ 
63119123 
M/19/24 
63/20/39 
63/20140 
63/21/50 
63/22/02 
63/26/45 --- --- _-- 
63119125 
63/19/26 
63/20/37 
63120138 
63/21/51 
63/22/03 
63/25/13 
63/25/14 
63125115 
63/25/16 
63/25/17 
63/27/U 
63/27/14 
63/27/15 
63127116 
63/27/17 

--- --- --_ 
63/19/27 
63119134 
63119154 
63/19/55 

--- --- --- -__ --- _-_ -- ___ 
16 Uoshou al Hot 

18 
(Late 9 -Early tlay) 

74.4 

Apri, 
8OBJ 
99.6 

18 , 

18 
--- --- --- --- --- ___ ___ --- 
20 Uashou 01 Hat 
18 

(Late Ilay-Ear Y June; Density r$ 9 
13+5-lb lb/gol/rin) 

97:8 

20 E 
21 10:2 

19 20” 
10,9 
10,3 
10,3 
10.6 --- --- --- --- ___ ___ ___ ___ 

20 Uashougal Hat El,0 

18 
(July +m) 82,l 

106.7 

--- -- __- 
07 nay 79 

07 thy 80 

--- _-- -- 
07 nay 79 

08 thy 80 

30 Apr 81 

15-30 llpr 83 _-- - -- -_ 
07 Jun 79 

09 Jun 80 

27 ilay 81 

25 nay 82 

27 ilav 83 

_ _ _ --- --_ 
06 Jul 79 

07 Jul 80 

J,b 

J,2 

10.9 

982 

--- -- ___ __ 
46 0.13 8,1 
40 
43 0,28 7~6 
31 --- --- --- _- _ 
“8: 0+13 8*4 
81 0.13 796 

tt 0811 6.7 

:o" 0,08 9.6 --- --- --- _-- 
k?@ btbhl 5.5 
tl9 lit 

5635 OJo- 9*1 
;; pep 10,9 

9 0:09 11.0 

7" 0,09 12*2 

8" 

12” 
--- --- -__ ___ 

ii; oq49 4eo 
;:"8 0825 Se3 

100 



Table 27 .--continued.

a_/  Only groups released downstream from Bonneville Dam were used due to variation
in survival associated with changing spill to turbine discharge rate at dams;
only groups of the same stock released at similar size from the same site.
Assumed no variation in affect from Willamette Falls on survival or catch
percentage. Groups with rapid movement rates which were not dispursed and
50% past Jones Beach in 2 days or less were not used due to variable catch
rates. Nutrition treatment groups with no statistical difference (trend over
the years) were combined into one observation per year.

More complete information available from Dawley et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency code, Dl=Data 1 code,
and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location  on fish, Sym=Brand symbol, and Rot=Rotation of symbol. For
abbreviations, symbol, and descriptions see Dawley et al. 1985b.

c__/  Abbreviations are listed: Bonn=Bonneville, Cr=Creek, D-Dam, ds=downstream,
Fks=Forks,  Gal=Gallon, Graded=Fish mechanically selected by size, Hat=Hatchery,
lb=pound, Lo=Lower, Min=Minute, S=South, Tule=Lower river stock of fall chinook
salmon, Ungraded=No fish selection by size, W=Water, and @=Released at.

d_/  Actual catch; catch percent adjusted for effort.

e_/  Seven-day average of river flow at Jones Beach during the week of median fish
recovery; including Columbia River above Bonneville Dam, Willamette River,
Cowlitz River, and Lewis River; 1 kcms = 1,000 m3/s.

f_/  Inconsistent purse seine effort in 1977, consequently, yearling fish not used
for evaluation. Catch adjustments were made for subyearling fish to equate
with other years (8, 11, 8, and 15% increase, respectively, for Bonneville
Dam, Kalama Falls, and Spring Creek fish released downstream from Bonneville,
Toutle, and Washougal Hatchery fish); obtained from average purse seine
contribution to those groups from 1978-1983.

Did not use 1980 due to effects of Mount St. Helens.

Diseased fish at release; not used in the analysis.

Higher densitv: not used in the analvsis.-
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Table 28:--Adult recovery data plus differences of juvenile catch related to =fver 
flow difference during downstream migration for mark groups used in 
evaluating effects of flow on beach and purse seine sampling efficiency; 
biologicslly similar mark groups captyred at Jones Beach during river 
flows which were different by 3,000 m /second or more. 

__________________-__________I__________------------------------------------------- 

Gmup Group 
captured captured Adult recov+ p/ Adult ncovl e/ 

e 10~ flau e high flau Aflou; _c/ Acatch X 41 fn lou fror high 
tag code:/ tag code :I Lw flow hi-lau per 1 kcas floe gmup 
MgDlD2) (bqDlD2) (kcms) ij/ (kens) increase 0 

________________________________________---------------------------------------------------- 

Subyearling chino& salwn 

091605 
091605 
091605 
091605 
071842 
072329 
631942 
631942 
631942 
631942 
631639 
631639 
631746 
631746 
631957 
631957 
632105 
632105 
631742 
631742 
632006 
055001 
631641 
631641 
631803 
631938,46 
631938,46 
632153 
632153 

071608 
072729 
072407 4.5 
072156 4.5 
072408 786 
072408 J,J 
631802 3,6 
632303 3.6 
632032,2462 3.6 
632156,2255 3.6 
632036 2.9 
632460 2,9 
632036 4.5 
632460 4.5 
632036 3,8 
632460 3.8 
632036 5,3. 
632460 5.3 
632254 7,9 
632463 7,9 
632163 9*1 
055401 4*7 
632461 3.0 
632251 3,o 
632461 5,7 
632251 4.8 
632461 4.8 
632251 4~8 
632461 4,8 

071657 072701 
071736 072701 
071736 072140 
072140 072701 
071661 072143 
071733 072143 
071733 072547 

5.9 
3.4 
3.4 
3,3 
3.2 
3.6 
3,7 
442 
8.0 
Eel 
6.4 
6.5 
7,l 
7.2 
5.6 
5.7 
3,3 
4.3 
3.1 
4.1 
6~7 
4.8 
4,o 
3.0 
4.9 
3.0 
499 

-12.3 
-8S 

-13,J 
-21.9 
IO,8 
-2.8 
2,4 
7,l 

-I,4 
0,6 

-lb,4 
-9.6 

-12~8 
-11*7 
-12.9 
-60.6 

12~3 
-11,6 

2~3 
7.2 

-4.8 
-lS,l 
11.7 
148 
4.2 

-14.8 
-1~8 
-888 
II,4 

Yearling chinook salmon 

J,3 6,6 -6~0 
4*9 9.0 0.5 
4,9 4,4 21,7 
9.3 4.6 -lb,1 
793 4,J -1.5 
4.9 7.1 2.1 
4.9 5.1 -16*6 

101 0,Ob 350 0~36 
8 0,OO 13 0,oo 

53 0803 120 0.11 
99 0.05 145 0,ll 

380 OS13 11 0,Ol 
49 O.O? 11 0.01 

144 0,12 182 0,12 

54 0,04 200 0.07 
61 0.04 27 be02 
1 0.00 0 0.00 

20 0.01 27 be02 
2 0.00 0 0.00 
7 0.00 27 be02 
1 0.00 0 o*oo 

25 0.02 27 0*02 
1 0,oo 0 0.00 

16 0.01 53 0.03 
1 0,oo 1 0,oo 
2 0,oo 1 0,oo 

355 0.47 479 0.49 
4 0.00 1 0,oo 

222 0.17 63 0.02 
5 0,oo 1 0,oo 

54 0.02 63 0.02 
2 0,oo 1 0,oo 

170 0,05 63 0.02 
5 0,oo 1 0,oo 

58 OS12 38 0,OJ 

98 1,30 20 0804 
27 0,06 20 0.04 
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Table 28.--continued. 

631711,12 632134,2311 7<2 3.2 -27.1 
631817rlU 632134r2311 6,4 4.0 -17.1 
072249-51 071725,2627 6.5 3.4 31S3 
072252r53 071731r32 645 3,2 25.0 
072252,53 072528,293O 6.5 3.5 0.0 
072053 072518 5,8 386 -24,3 
072222 072518 6,2 3.2 -27,3 
072048 072516 5.8 4~2 -22.2 
072048 072718 5,s 6.2 -9,7 
072220 072516 6.2 3.8 -22.2 
072220 072718 6,2 5.8 -2.5 
072051 072054 5*8 3,s -19.1 
072051 072522 5.8 3.3 -24.8 
072217 072054 6.2 3,4 0.0 
071741 072420 6.9 4.7 -16.3 
072040 072420 588 5,8 -1189 
071742 072422 6,9 4*7 -18.8 
072042 072420 5,8 J,8 -13,5 
072305 072422 5.6 6.0 -11.7 
072303 072419 6.2 3B4 -2.7 
072046 072419 4,9 4.7 -7,l 
072044 072513 5,8 3,J -18,O 
071945,46 091622,26 4.9 3.0 -17,5 
071947,48 09162325 4-9 3,o -4.8 

071907,lO 
071907,lO 
071907,lO 
071909,12 
071746 
071746 
050826 
072031-38 
072255-2301 
632037,38 

072429133 
072747 
072128,31 
072129,32 
051133,34 
051039,40 
051039,40 
072549-58 
072549-58 
632713-17 

5,5 
5,5 
545 
4.0 
6.2 
6,2 
6,7 
7.6 
7,2 
9.1 

Cob0 salmon 

5.5 -5~2 
6,7 -a,5 
be9 -4.1 
3.6 -l&9 
340 -13.6 
4.8 -3.8 
4,3 0,O 
3.3 545 
3,s 7.5 
3.1 -3,2 

1640 1.42 
344 Q,71 
49 0.03 
69 0808 

0 OJO 
2 O*Ol 
3 on01 

4 0,Ol 

0 0.00 

2 O*Ol 
2 O*Ol 
9 0,03 

25 0.08 
22 0,07 
11 0*04 
13 Q,Q4 
20 0.07 
17 0.06 
77 0.13 
54 0.09 

20 0.04 
m 0.04 
26 0.02 

205 0,21 

0 o,oa 
0 o*oo 
0 0,oo 

0 0,oo 

2 on01 

2 0,Ol 
2 0,Ol 
2 0,Ol 
2 0.01 
2 O*Ol 
2 0.01 
7 0.02 
7 0.02 
3 0,Ol 

276 0,62 
493 1822 

643 1,21 310 0.55 

643 la21 1771 3,28 
440 0.88 1451 2.56 

1053 1452 766 0.57 
1524 1,20 766 0.57 
2128 1.04 3719 1.38 
811 1,44 3719 1,38 

a/ Binary tag of qmups captured at the lowest river flow or at the highest river floe of 
the coepsrison; A~=P~@IKY code, Dlddota 1 coder sod D2:dutP 2 code, Separations by coup 
or hyphen indicate data ore averaged for eultiple tog grwps, Two or four digits folloeiog 
P coees represent on additional to9 number uitb tbe me sqency and data 1 codes ,,r the 
suee oqeocy code, respectively, Tea or four diqits following o hyphen represent a wrier, 

of toqs with the same u9encr code and data 1 code or o9encr code, respectively, 

b/ One thousand PIsecond = 1 kcw = 35,000 ft3/secondB 
C/ Difference of river flow, in thousand &second during the week of redion fish recovery 

for groups in coeporison, 
A/ [(% catch hi flow - X catch law flaw) + L catch lou floul x 1OOt 

(km hi floe - kces lw flou). 
e/ Observed recoveries, lieited to age of younqest tag qrwp returning in each coepsrison, 

and data uhich ure ovoilsble for both sets of groups, 
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Differences in sampling efficiency related to fish size were not apparent
for groups captured exclusively in purse seine sampling. Fork length
distributions of marked fish from purse seine samples of some groups showed
close agreement with length distributions obtained prior to release (see
examples in Fig. 35); we assume that survival for small and large fish within
such groups was similar. Substantial numbers of fish as small as 60 mm in
fork length were captured in the purse seine, thus we believe the purse seine
was reasonably efficient at capturing smaller fish.

Sampling efficiency was affected by fish size for those groups which were
captured in the beach seine. Catch rate of subyearlfng chinook salmon
captured in the beach seine is inversely related to body size (Section I, Fig.
4); the same relationship may apply to yearling fish. Location of fish in the
cross section of the river, not gear efficiency, seems to have created the
size related alteration of catch rate. Catch rate comparison between mark
groups of subyearlings that were not the same body size are therefore
inappropriate . Catch rate comparisons between marked groups of yearling fish
released at different sizes were only made when the ratio of beach seine to
purse seine catch was the same for both groups.

Replicate Groups of Marked Fish.--From 1977 to 1983, juvenile and adult
recovery data (fisheries and escapement) for 120 sets of replicate groups were
examined for consistency (Appendix Table Bl) . We found the following : (1)
juvenile catch variations among replicates were random in relation to adult
recoveries--j uvenile catch and adult recovery percentages varied in the same
direction (positive or negative) among replicates 54% of the time; (2)
juvenile recoveries for 14 (12%) of the 120 sets of replicates showed
significant differences between replicates (P < 0.10, from G statistic
analysis)--by definition 10% of the sets of true replicates should fall
outside the boundaries of no difference between groups; (3) adult recoveries
for 42 (35%) of the 120 sets of replicates showed significant differences
between replicate groups at P < 0.10, and the direction of variation among
groups within the sets was the same as observed for juvenile catches in 50% of
the 42 sets--as expected of rep1icate groups; and (4) 82% of the replicates
showing statistical difference as adults, which is 15% of the total sets of
replicates, had differences greater than 20% between groups. Some sets of
replicate groups provided very consistent adult recovery data, e.g., five sets
of replicate groups of coho salmon released in 1981 at Sandy Hatchery
(Westgate et al. 1983b) produced from 363 to 535 adult recoveries per group
with from 0 to 4% difference between replicates. However, other sets of
replicates had large deviations from theoretical catch probabilities, e.g.,
four sets of rep1 icate groups of coho salmon released from Sandy Hatchery in
1980 (Wes tgate et al. 1983b) produced from 152 to 377 adult recoveries per
group with 8 to 34% difference between groups.

It appears that juvenile catch data are normally distributed with
expected variation, however, adult recoveries show greater than expected
deviation which we assume represents survival differences. Differences of
survival to adulthood, among replicate groups, may have resulted from subtle
differences of environmental conditions, culture methods, or migratory
behavior that did not substantially affect survival during freshwater rearing
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a
a
E
2

1978 YEARLING CHINOOK SALMON
20 - Kooskia Hatchery

(below Bonneville Jones Beach

1981 COHO SALMON

Jones Beach

Eagle Creek
15 April
E = 149 mm
(n = 609)
\

z=154mm
/ I- - ?-I-r,
/

111 - 31 I,

\

1 1 0  1 2 0  130 140 150 160 170 180 190 200

30 1979 STEELHEAD

I Jones Beach

Chelan Hatchery
(Icicle Creek)
26 April

26 May
P = 225 mm
(n = 78)

170 180 190 200 210 220 230 240 250 260 270 280 290

Fork length (mm)

Figure 35 .--Fork lengths of marked fish groups before and after migration
showing little change in length frequencies within the population.
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or mlgra tlon. Consequently, treatment versus control evaluations made from
adult recovery data may be affected, and researchers comparing adult return
data must consider the degree of error among replicates .

Relative Survival in Relation to Controlled Treatments

Treatment and control groups used to evaluate effects of fish size,
stock, transportation, rearing density, nutrition, and release date on adult
survival were examined for inter- and intra-specific trends in relative
survival to the estuary. We assume from the assessment of variability in
catches that significant differences between catch percentages of treatment
and control groups generally indicate relative survival differences if
recovery data are adjusted for sampling effort and river flow. The
conclusions reported herein are based on catches at Jones Beach only.
Individual researchers may draw different conclusions based on knowledge of
other factors relating to their research.

Estuarlne catch data for treatment and control groups were compared with
adult recovery data to determine if relative survival trends were similar and
to identify the types of treatment groups from which juvenile catch rates may
provide erroneous inferences of survival.

Fish Size.--- Increased body size at release for hatchery reared salmonids
has been equated with greater survival in downstream migration and to
adulthood (Conte et al. 1966; Salo 1955; Salo and Bayliff 1958; and Wallis
1968). Also, minimum-size thresholds for survival have been hypothesized
(Relmers and Loeffel 1967; Buchanan et al. 1981; and Washington 1982). Fork
length measurements of marked individuals from many groups captured at Jones
Beach provided the opportunity to observe size-related survival differences
during freshwater migration in the Columbia River.

Estuarine catch data indicate a positive relationship between survival
during migration to the estuary and increased body size at the time of release
for chinook and coho salmon and steelhead. The smaller individuals from
particular release groups were missing from the migrant population captured at
Jones Beach. Examples of length frequency distributions for mark groups
representing each species comparing sizes of fish prior to release to sizes
after migration show loss of smaller fish from the population prior to arrival
at Jones Beach (Fig. 36). Not all groups of fish were measured prior to
release. Consequently, we were unable to determine the extent of the loss of
smaller individuals for the overall migratory population.

Comparisons were made among mark groups captured between 1977 and 1983
which were similar in stock, treatment, and release characteristics but showed
differences in size at release (Table 29). The majority of comparisons were
for spring chinook salmon graded and marked for size/survival research from a
multiyear study at various hatcheries in the Wlllamette River system (Smith
1979a and b; Smith and Zakel 1980 and 1981; and Smith et al. 1982, 1983, and
1984).

The aggregate of groups showed a trend of higher catch percentages at
Jones Beach for increased sizes (measured as no./lb) at release (Table 29); 20
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Table 29.--Jones Beach catches and adult recoveries for marked fish from size at 
release studies, 1977-1983. 

--_-_______-_-____________ -------------------------------------------------------------------------- 

@~~~~e-l_?ta_Jl~l~n 

%F 

Juvenile catch ~1 6dult recoveries d/ 

lloc sr? &l!SO!!rceb!- 
Size 

at Jones Bqqch observed-mku!a&& 
m-i"~~~'pq--m mir-2‘~T-J yr 4 yr-qi 

--(thou)(d~~~~ylll_n_o,l!b!_I?p,l ---L_(*(n_o,!(X)(1!~Z!II!_ 

05/41/01 Big Uhite Rear. Pd rorpholene 87,7 
os/42/01 CDntrDl 91.4 

106ppr77 77 
82 

tma/50 Coulitz Hot, 
63/18/M 

2LO 25 
24,s --- --- --- --- --- --- I- -__ -- __- ___ 

63/18/17 63/18/18 Coulit: Hnt. 24.3 23 2461 
--- -- --- --- -- --_ --- _-_ -- ___ __ 

05/06/59,RD IU 3 Kooskio Hat, 
05/05/30,RD IL! 1 

49.5 16 
5402 --- --- --- --- __- --- -- -- -- -__ ___ 

WF2p5,53 HQriOn Ftir. Hat. si:ettimc jk\ lb-24 

-- -- --- --- - --- -- -- __ ___ __ 
07/20/4a flcKenzie Hot. 07/20/51 sizettiw 15 

07/20/53 

.33.; 

3419 
-- -- -_- --- -- --- --- -- -__ ___ __ 

07/22/20 
07/22/17 

McKenzie Hot. 

07/22/Z? 

sizeltime I;.; 16 

36:O 
-- -- -_ --- _-- --- - ___ __ ___ __ 

07/27/19 
07/25/21 

McKenzie Hat, 

07/27/21 

sizattine ;;L; 08-i; 

31.9 
-- -- -- --- -- --- -- -- -- ___ ___ 

07/27/18 07/2:/22 fkKenzie Hot, si:ettiae ii&; 14 

07/27/20 30.0 _... -- --_ --- --- -- --- ___ --- -_- ___ __ 
07/17/43 Mt. 07/17/41 OaKridqe sizettiw $0’ 20 

--- --- --- --- --- --- -- --- --- --_ __- 
07117144 
07/17/42 

Onlridqe Hat. sizettine 32,8 20 
29,s 

--- -- --- --- -- --- -_- --- -- --- ___ 

6pr 79 

--- --- 
fipr 79 

-- -_ 
Apr 82 

-- _-- 
tlor 81 

--- -- 
Nor 80 

-- -- 
Nor 81 

--- --_ 
NW 83 
NW 03 

--- --- 
ilar 83 

--- --- 
nor 79 

--- --_ 
nar 79 

-- --- 

358 0.555 202 0.02 0.17 0,23 - 
333 0.407 166 0+02 0.11 0.18 - 

: 3”: 0.195 0.194 719 
706 

- - 

--- _-- _- --- -- -- --- ___ ___ 
5 35 
7 

0,200 
34 

829 - 
0.191 632 - 

--- -- --- --- -_- --- -__ --- --- 

:3 0.031 0.055 0" 1 
--- -_ -- --- __- --- __- ___ ___ 

14 20 20 o*046 7 0.025 :I 1 
--- -- --- --- -_- -- -_- -_ __ 

: ii 0.112 0.153 :; : 
11 13 0,079 6 - 

--- _-- -- 
1: 16 3 
--_ -- -__ 

‘i 
11 

-- -- 

: 
--- -- 

0.078 

"o$! ..I ;; 71 : - 
--- --- -- _- 

0.088 
0.046 1 1 
0.072 - - 

--- -- --_ __- 
: 

i 
0.057 
0.023 

- - - - 

10 14 0.095 - - 
--- -- --- --- -- --- ___ ___ __ 

1': 
4": 

0.173 292 
0.178 229 

- - 

--- --- --- --- --- --- -__ ___ ___ 

6 36 0,299 223 - 
8 50 0.282 313 - 
-- -- -- -- -- -- __ __ I 

07/20/46 Hot, rizettine 07/20/44 OoKridqe ii.; 10 nor 80 8' 15 0.145 246 - 

--- 0.202 272 --_ ___ --- _-_ --- -- --- -- --- _-- _- ___ ___ _-- -- m--25-- 
07/20/42 

___ ___ ___ -: 

07/20/40 O&ridge Hnt. si:el(tine 30.7 10 ilar 80 1’6 20 0.148 539 - 30#9 
18 -- -- 0.134 228 - --- --- -- --- -- --- - --- -- ___ --- -- -- -- 07/23/03 --- -- __ __ ___ _ 

07/22/25 Oulridqe 
HA sizeltime 

i3.i 16 Hw 81 : 12 0.096 139 9 0.063 91 I -- -- ___ --- ___ --- --- --- -- --- --- -- --_ ___ _-- --- --- 
07/23/05 

___ __ ___ ___ _- 

07123107 
Oakridqe Nat. si:ettiae 29,P 31.7 16 flar 81 7 ;I4 - 

9 17 -- -- 
y'3 

* 
;z 

-- -__ _ ___ ___ --- -- --- ___ ___ -- --_ - -- --- --- 
07/16/15 

-_ __ ___ ___ 

07/16/11 Round Butte Hat. lq. qrodc ;;I",; 31 iinr 78 0.183 0 - 

07/16/12 vibrlo ME, 4612 OaE2 ‘1 - WC, control 0.121 

0*74 2.50 3.13 
Oe58 2.44 2.88 

--- --- _-- __- 
0.05 2.75 3.44 
0857 2018 2860 

-- -- --- ___ 
0.00 - - 
0.00 - - --- -_- ___ __ 
0.02 0.07 - 
0.01 0.03 - 

--- -- _-- ___ 
0,03 0.12 0.15 
0.01 0,05 0.07 
oeoo 0.01 O,O? 

--- --- --- -- 
0.03 0,lP - 
0.01 0,04 - 
0.03 0.20 - 

_-- - _-- - 
- - - 
- - - 
- - - 

-- --- -- -_- 
- - - 
- - _ 
_ - - 

___ --- ___ __ 
0.07 0.73 0,97 
0.01 0.40 0.72 

__- -- _-_ __ 
0.06 0.56 0.68 
0.08 0.74 1,06 

- -- --- ___ 

0.07 0.67 0085 
0.06 0.54 0.89 

_-- -- --- -_ 
0.07 0.67 1.10 
0,03 0.36 0.74 

_-- -- --- -_ 
0.04 0.45 - 
0.02 0.34 - 

-- --- --- -__ 
0.04 0.48 - 
0,02 0.33 - 

___ -- _-_ -__ 
0.00 0.00 OS00 
0.00 0.00 0.00 
0.00 0.00 0,oo 

CC!U%W 
63/17/:8 Toutle 63/17/13 Hat. 3908 07 Jun 79 107 0.00 2.40 - - 

40.5 
i: 0.310 955 

I -- 103 0,227 799 0.00 1.97 - - -- ___ - -- -- -- -- --- -- M/19/31 --- ___ Toutlc ___ __ -- --- ___ ___ ___ __ -- --- --- ___ _ 

63/20/58 Hat. 38.6 07 39,s ilw 80 :o" 3': 0.219 204 0.00 0.53 
- 

0.165 133 0.50 0.34 - I 

xKL!m! 
05/13/33 Hoqermn Hat. q 05/13/34 h stock ;“9.; 18-20 !~pr 83 2 1:: 0.281 - - - - - Solron 

River size 5 0.363 - - - - - 
--------------------____________________------------------------------------------------------- 
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Table 29.--continued.

a_/  More complete information available from Dawley et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency, Dl=Data 1 code,
and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location  on fish, Sym=Brand symbol, and Rot=Rotation  of symbol. For
abbreviations, symbol, and descriptions see Dawley et al. 1985b.

b_/  More complete information available from Dawley et al. 1985b or releasing
agency Figure 21. Abbreviations used are listed: Fks=Forks, Hat=Hatchery,
Lit=Little, Pd=Pond, Rear=Rearing, Sal-Salmon, Wh=White, and @=Released at.

c_/  Actual number recovered and effort adjusted % catch--effort not consistent
during fall and winter periods, thus total recovery percentages are not
comparable between different studies.

d_/  Observed recoveries; may provide erroneous comparisons between studies not 
migrating at the same time or between stocks because of possible difference
associated with unequal fishing effort and sampling effort.
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WILLAMETTE  SUMMER STEELHEAD
25 I-

Williamette  Falls
May 12.1978
n = 663
3 = 200 mm

Jones Beach

= 210 mm

Fork length (mm)

Figure 37.--Fork length measurements of Skamania summer steelhead smolts prior
to hatchery release, from catches at Willamette Falls, and from
catches at Jones Beach, 1978.  Hatchery and Willamette Falls
length frequencies from Buchanan et al. (1979).

S N A K E  R I V E R  O R I G I N  S T E E L H E A D  1 9 8 1

2 0
0,

; 15 Jones Beach 

Dworshak Hatchery 14 May

z
X = 188 mm

1 0  (n = 78)
c
a,
2d 5 !

1 1 0  1 2 0  1 3 0  1 4 0  1 5 0  1 6 0  1 7 0 1 8 0  1 9 0  2 0 0  2 1 0  2 2 0  2 3 0  2 4 0 2 5 0

F o r k  l e n g t h  (mm)

Figure 38 .--Fork lengths of Snake River steelhead before and after migration
showing little change in length frequencies for the portion of the
population less than 180 mm. 
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of 28 comparisons showed a positive relationship. A two-way ANOVA was
calculated to compare the catch percentages according to size at release
(similar groups were paired according to difference in size at release). The
ANOVA was conditioned on the marked groups, and the F-value for size at
release was used to determine significance. The ANOVA table is:

Source of Probability
variation DF SS MS F of F-value

Size at
release 1 0.002929 0.002929 3.972 0.0565

Mark group 27 0.573188 0.021229 28.791 0.0000

Remainder 27 0.019908 0.00073735

The probability value of 0.0565 for size at release indicates significance at
the c1 = 0.06 level. The only comparison available for effects of size on
steelhead groups from the Snake River showed reversed recovery rate and was
not included in the statistical analysis.

Adult recoveries (Table 29) showed greater survival for groups released
at a larger size in 13 of 19 comparisons and were statistically greater in 11
comparisons.

Minimum-size thresholds for successful migration to the ocean have been
suggested by several investigators. Buchanan (1981) hypothesized a
minimum-size threshold of 180 mm for steelhead of Willamette River origin. Our
observations of Willamette River steelhead support Buchanan's hypothesis
(Fig. 37). Observations of steelhead from the Snake River, however, do not
show this relationship; individuals as small as 110 mm migrated successfully
from the Snake River to Jones Beach, e.g., Dworshak steelhead ranging from
100 mm to 240 mm (Fig. 38). Washington (1982) hypothesized a minimum-size
threshold for survival of 130-140 mm for coho salmon from Columbia River
Hatcheries--developed from fork length measurements of migrants at Jones
Beach. Reimers (1967) hypothesized that the minimum-size threshold for wild
subyearling chinook salmon in the Columbia River varies between tributaries.

Transportation Past Dams.--Relative survival differences for marked fish
groups transported by truck or barge past dams in the Columbia River system
(1977-1983) were calculated from catch percentages at Jones Beach.
Comparisons between catch percentages of transported and control fish were
limited to two data sets: (1) juveniles transported directly from hatcheries,
upstream or downstream, were compared to controls released at the hatchery,
and (2) juveniles captured at McNary Dam subsequently marked and transported
downstream past three dams were compared to controls released in the tailrace
of McNary Dam.

111



A large range of catch percentages was observed for transported groups
which moved rapidly past Jones Beach (50% of the catch in 2 days or less), and
marked groups behaving in this fashion were not used in the assessment of
effects from transportation. We hypothesize that these particular transported
fish migrated rapidly from release sites to Jones Beach and did not disperse
widely in the river. Low catch percentages, unrepresentative of abundance,
resulted when the majority of individuals within such a group passed during
nonf ishing hours, and high catch percentages, also unrepresentative of
abundance, resulted when the majority passed during fishing hours. In either
instance, the comparison to control groups was erroneous.

Calculated survival estimates generally increased with the number of dams
bypassed (Fig. 39); the average increased survival es timate for one dam
bypassed was 44% (12 transport groups) and for eight dams 236% (9 transport
groups). Data (Table 30) were transformed to stabilize the variance of the
dependent variable for linear regression. The hypothesis that the slope = 0
was rejected at P<O.Ol (t = 2.72, 49 df). Average survival increase from
bypassing dams was 50, 33, 20, and 11% per dam, respectively, for subyearling
chinook salmon, yearling chinook salmon, coho salmon, and steelhead.

Adult recoveries for transport versus control groups were evaluated to
determine if survival changes from transportation were similar to those
observed from estuarine recovery estimates (Table 30). A positive correlation
exists between change in adult survival and numbers of dams bypassed as
juveniles (average no increase for one dam and 121% increase for eight dams)
(Fig. 39); however, the slope of the linear regression (transformed data) was
not significantly different from zero (t = 0.4, 35 df) . Comparison of adult
survival increases to es tuarine estimates of juvenile survival increases
provided the following correlation coefficients (r): 0.42, 0.14, 0.72, and
0.77 for subyearling chinook salmon, yearling chinook salmon, coho salmon, and
steelhead, respectively. In general, adult recoveries showed the same
survival benefits from transportation as estuarine sampling, but as observed
from evaluation of replicate groups, the variation was greater within adult
data. Not all adult recoveries of mark groups are avaliable at this time,
thus these conclusions regarding adult recoveries are preliminary.

Estuarine catch data for some species and/or stocks may provide a more
accurate estimation of effects of transportation of juveniles past dams than
adult data.

Serial Releases.--Delayed releases of coho salmon (June and July) from
Cascade, Toutle, and Washougal Hatcheries , generally showed increased juvenile
catch percentages that of ten were significantly greater than catch percentages
of groups released at the normal release time in early May (Table 31). Adult
recoveries showed increased returns from late May and June releases as
expected on the basis of juvenile recoveries, but July releases displayed an
erratic pattern (Westgate et al. 1981, 1982, and 1983a; Schneider and Foster
1981).

In July, high water temperatures in the river and the ocean may have
affected the survival of coho salmon groups during transition to seawater.
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Table 30.--Survival differences between fish groups transported past dams and 
those not transported; from catch percentages at Jones Beach, 
1977-1983. 
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Table 30.--continued. 

IAH112(23/1b/09) HcNery Dadtailrace control) 
LhIF1,3~23/1b/09I : 
$Jq##) . 
LbIP2:4t23llb/lll : 
WIC2,4125/16/13) 

RM(23/16/12) 
WJ3(23/16/14I 
AI1 Truth Transport Gfli!j, __ __ - -a - -- I_ 
LR,?llj~b~3; Wary Dae lhilracr control 15.0 

LA211.3(LS?T I 14-7 

OS-15 .Jul 83 

20-27 Jul 83 
(23/16/30) 

LA2X1,3(23/16/33) 
All Tailrace Contml _i/ ’ 

10.6 
69*3 

f#IJlI23/1b/25) ds Pony DOB (truck trans.1 15.1 
YIJ3(23/16/281 
RAlJ2(23/16/31) 
111 Truck Transport Grau;s j! 
M31(23/16/26) ds Bonn,,Dar (barge trans,) 
RR33(23/16129I 
#32(23/16/323 
All 8arge Transport Gr& i/ 388:: -- --- -I --- - --- -- -- - -- - -- _ 
05/49/01,RDUl 
05/50/01,RDU4 -__ -- --- 

-- -- -- ---- -- -- -- mm- - --_ _- _-- - --- - -- 

Spring Cr, Hat, IcontmlJ 75,a 
_-. -- 
K$: k5 

3*9 
$: 4,7 00% . 

334 0.44 - 
ds Bonn, Ike (trons.1 76.0 3% 0.47 1 3.1 29 6 

-- -I -- -- -- --- -- --- -- -- -- --_ -- - ___ __ -_ __ ___ __ __ -__ -_ ___ -_- - 
Spring Cr, Hat, Icmtml) 92,3 :80 t: :8a in 02th~ 8.8 0,232 500 0,54 - ds Bonn. Dan (trans~l 98.1 201 20Rpr 8,s 0,247 479 0*49 1 6.7 6 -9 -- -- --- - -- -- -- - --- - --- --- -- --- _ __ _ __ __ _ ___ __ -- -- -- -- 
Spring Cr; Hat+ (control) 76,7 15A9r-QSlhy 81 228 25Ray 7.9 0.126 126 0,07 - 

30,9 

Rock Cr. iupstreae trans.1 
b3,4 
25,7 21 Rpr 81 66 28flay lo+9 0,045 360 0820 -2 6.5 -73 -64 

150*5 21 npr 81 -- -- --- _- _- -- - -- I_ --- -- I _-_ - -- - --- -- -__ - _-_ - --- - -- 
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21 
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Table 30 .--continued. 

07/19/26 0?/29/27 

07/19/20 

Se Santial H. (control) 31 s 07 NW 78 8 07fiar 
32,7 

5*7 0.009 170 0.18 

07/19/29 
31,l 

07/19/3Q dr Yillaei Falls bans.) 3266 07 Nov 78 18 32,s 15Apr 7.7 O#OlS 182 0,28 1 Y 66 56 

-- -- --- -- -- -- --- -- -- -- --- -- __- -- --- -- -- -_ --_ -- ___ __ 

\;$\;;\i S. 

___ __ _ ___ 

Sontirr N$atridge H~kontro11 

___ __ ___ 

;5 1,6 

07/ 19/21 
07/19/22 

322:: 

21 Har 78 94 13bpr 7.7 O.lb8 127 0.13 

07/19/23 ds Falls (trans,) 
Yilla( 

SE 23 ilar 78 151 13Apr 7,? 0.265 60 0.06 1 0.4_h/ SE -54 

07/l 9/24 I 3513 
- -- --- -- - -- - I_ -I -- -__ __ __ - -- -- -- -- --- -_ -I -- -__ -_ 

07/19/45 

-- - -I 

07f 19/46 S. Santiy tl. (control) 
-- -- 

29,4 14 Mar 80 42 osnpt 4.9 0.184 84 Oell 

07/19/48 ds Yillar. Falls (tmnr,) 
29,9 

07/19/47 ?!*S 14 Mar 80 66 3Olbr 419 0,271 63 OnlO 1 0.9 h/ 47 -24 

--- -- --- -- --- -- --- -- 
1&0&3O#‘P2 Koaskia Hat. kc&roll 

UHRDLP:RALI 
ds Bonn, p"~ (trans.) 

lblRDYY,RnL3 
UHRDPK,RAL: 

05/05/32 
05/05/ 29 - -- 
65/17/O? 
63/17/03 
63/17/04 

I 

1 

--- - -- --- -_ 

Koaskia Hat. Icmtrol) 
ds Sonn, Dar (trans.) --- I- --- -- -__ 

JL.1 
-- -- --- -- --- -- -- -- --- -- -- -- --_ -- --- -_ -- -- --- _-_ __ 

83,B 
37*1 

2:2-2”8$878 4: ::!i$ 8.1 
8,s 

00%: 
26 0,03 * 

37.0 8 0.00 8 6.7 -18 -82 

E:9’ --- --- --- --- --- --- --- --- -- -- -~- -- --- -- --- -- --- --- -- --- ___ 
6143 16 14 62.3 14 Apr 80 04tfay hpr 80 26 05Hay ;; 9 0.01 , ;*;w; , 

3 O,OO 8 7+3 63 
-- 

-67 
-- - -- --- -- - -- -- -- -- --- -_ - -- -- 

Leavenuorth Hat, (control) 
--- -- --- 

95,2 
-- --_ 

Lwvenwrth Hat. (hauled 4 h) 
25 78 

94.3 hpr O*OW 
ds Priest Rap, (tmns,) 

:; 
94,6 

:i$ B8:: 
0.070 08 Hay 78 80 

ws E 
2% 8.7 a*115 7 0:01 3 se0 )/ 28 -92 -- -- -- -- -- -- -- _- -- --- --- __ 

Leavenwrth Hat. (control) Lerlvenuorth Hat, (hauled 

l$ . 

26 104 4 h) Apr 79 

ds Priest Rw, (truns.) 15 Hav 79 1: --- -_ --- - - -  - -  - -  - -  - - -  - I  - - -  - - -  I -  - - -  --_ __ 

03/46/02,W11 Leavenw~$ Hat. (control) 
03/47/02,LAPI2 

3322.89 24Apr-OMar 80 30 

03/51/02,LAPI4 
03/48/02,LAfI3 ulite Bluitr (trans.,) 

33:1 

03/49/02,LAPPl 
24dpr-OlLy 80 41 

03/50/02,LbSl 

$.i 

03/43/02,lM91 
35:4 

03/44/02,RA92 
Dalton (trans.,) 

Point 
24dpr-Olky 80 141 03/45/02,Rb93 * 

03/52/02,RAIKl 

32.4 %:+; 

’ 
03/53/02,RbIK2 

32,9 
. 03/54/02,MIKS I 32,8 

32,b 

29nw 
28fiav 
3Onav -- _- 
2blhr 

g- 
7:b 

Sal 

-- -- --_ -_ ___ 
x: 
0:209 

5: tit 
2 0:oo 

--- -- -me -__ --- 
0.032 4 0,oo 

-- -_ 

3 2~8 I/ 
-- s-m w-r 

47 -96 
--- I- 

63/ 1 S/O9 
63/18/10 
63/ 18108 

18Hay 

05Hay 

--- - 
RDFl 
LDFl 
RDIYS 
LDIY3 
RDILZ 

K2 
LOF2 
RDIL3 
LDIL3 
RDIY? 
LDIYZ --- _ 

-- - --- --- --- --_ 
Pastems Ferryfleavenwrth Ii. 

(upstteae control) 
I 
I 

ds PriestIRapidr 0, (trans.) 

15.3 
16,4 
13*4 
15*3 
13.9 
15.0 
15.5 
16.2 
14,8 
15B2 
13,2 
15.3 

-- -- 

-I -- -_- 

05-13 tlay SO 23 

22-27 Hay 80 48 

I 

I 

I 

. 

--- - --- --- --- _ 

Richland,,YII (trans.1 
-- -- -- 
22-29 Hay 80 

716 

8.3 

0,085 b OeOl 

0,115 2 0.00 

3,3 j/ 

608 j/ 

177 

253 

48 

-75 

-I --- -- 

07Jun 9,O 

OSJun 9bO 

-- --- -- 
o5Jun 9.0 

--- --- 
0.041 

-- -- 

--- 

0,090 5 3.8 x/ 120 - 

--- -- 
0,074 

-- --- 
5 

--- -- --- -- --- 
3*8_k/ 80 - Ei 

RIDg;yY? 
RDILi 
LDILl 

E 
13:9 
1564 
13.7 
15.9 

40 

i7/16/09 - -- --- Rnd, - Butte - Hat, --- --- - __ - -- -- -- -- -- -- -- -- --- --- - _-- - _-- _ __- - ___ 

07JlbllO (control) ds Bonn. Dal (trans,) k55 :02 2; E 91 1lJun 8*3 0.218 1 
110 03Jun 7.5 

0,Oo 
0.215 --- -- 5 OeOl --- -- --- -- --- --- 2 6.7 5 365 

___ _-- _- -- --- -- -- -- -- -- --- --- -- -- ___ __ __ ___ __ __ ___ 
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Table 30. --continued. 

07f 10126 Rnd. Butte Hat. (control) 48.8 23-31 flay 79 240 OSJun 6.2 0.282 0 oaoo 
07/18/25 
07/18/27 ds Bonn. an itrans,) 9:: 30 Hay 79 149 02Jun 7.6 0,338 0 be00 2 6.8 6 - - - -- -- -- _-_ --- _ - - --- -- -- _-- -__ -_ _- -- - -_ __- -- -- -- -- ----- 
63/18/ 12 
63/18/ I1 
63/18/20 

Uinth H, (control) 
Uethau “% . (hauled 4 h1 
ds Priest R, Dar (tmns.1 

MlDRLSDR,LbPP2 Paxo, URICarson Uat.tcontroll 444.0 03 ltay 78 47 9~2 0.139 89 0,20 
UM&$$M; . ds Bonn. +I ttrans+l 2;; 01-04 Hay 78 23 ldia~ 1~Ray 9.2 0.053 55 0.09 4 7.4 -62 -55 
_ ___ _-- - - - - - I - -- -- _- I- - - -- -- -- -- -- -- - I- - I- - I 

UHRDLB Uillnrd (control 
H$. 

19.9 24fiay-ODJun 78 13 1lJun Rn3 0.053 63 0.21 
UHORLPYY 19.8 
UHORYllMl ds Bonn, iaa (trans.) 19.7 08 Jun 78 21 14Jun 8#3 0,084 60 o*:o 1 6.7 58 -5 
YWRYUSN 19,G --- __ __ _-- -_ -- -_- _-_ _ --- -- __- --- --_ --- -- -_ - -- -- -- --- -- --- -- -- -- - -- 
05/03/59 Yillard lb+ lcontroll 1;; 14-23 Hay 80 21 30110~ 9.0 0.033 bl8 Oa45 7.2 
05/03/58 
05/06/54 51:) 
05/06/60 ds Bonn. iaa itrans,) 33.7 24-25 thy 80 29 Sltlay 980 0*03? 518 0.39 1 7.2 18 -14 
05/06/50 47.9 05/06/55 I 51.4 

STEELHEAD 

YHLDLG;LnnU3 Nkk?Lbb\ 
Icicle CtAhelan Hat.tconttoll 24,l 26 Rpr 79 55 24Hav 8,4 OtlOb 356 0.53 

1942 24.2 

UHLDOR,RnY3 ds Bonn, Dal (trans.) 
E’s8 

28 Apr 79 80 08lhr 9~7 0,139 543 0,n 1 7,6 17 is 
UULBRD,RAY2 
UULBUH,MYl 23:3 

--_ Duorshak - -- 4controll - - -- _- 59,l -- 
- -- 

-- 17-25 Apr 00 
- -- - - -_- -- -- -- -- -- - - --- - _-- 

os/o4/55 - - 124 O?Hav 818 0,144 560 0637 
10/21/62 !tat, ;;A: 46,P 
10/2l/bl 
10/21/19,LD41 ds Bonn. ;ae Ltrans,l 

P/lb 49.2 
b/lb 40.0 29ky-02tlay 80 95 0%~ 8.8 0,510 453 1.13 8 5.9 2b9 205 

-I -- -- -_ I- -- _- -- _- - -__ -- -mm -- -- -- -- -- - -- --- -- a-- -- -- --- -- - -- 

23/06/Ob,LRIK3 DuorshoC Hat, (control) 29,8 
?3/06/08,RAL4 SKaoan~~ 33.0 
23/06/07,8bL3 Liqht (trans.1 32.2 19 h s r 82 13 12nay 10.2 - - 22hpr- 3Kav 82 37 25npr 9.4 E! e - - 8 8.7 83 - 

23/lb/OS,RbL2 I 32.9 
- - -I - --- _- --- -_ -- -- _- - -- -- -- --- -- I_ -- --- - --- _- --- - --- - --- 

%6/04 ,LAK? Duorshak Rat. (control) 
23/l6/O3&bPPl SKamn1: Liqht (trans.) f,:i 22zy-.ii: 3 82 1:; 

20flay 10,) 
- - 29Ray 11.0 8% . - - 8 9.2 399 - 

23/1b/Ol,MLl . 
__ I -- - -- -- -- -- --- -- - -- -I --- -- --_ -- -- -- - - -__ - --- - --- - -- _ 

b3/28/38rLbSl Lyons Ferry (control1 54,6 01-20 Hay 83 68 
28Day 12.: 12,~ 
29Har 01141 63/28/39,RhSl Uallow lift, (upstream trans.) ii,; 09-13 Ray 83 1 0,305 I 1 -2 2.9 I/ 116 - 

b3/28/40,112 
-- -- -- _-- I- -- -- _ __ __ _ __ _ __ ___ __- I- _- _-_ me -we -- -- -- -- -- -- - -- 

UHORORRDIRK3 Rin old Hat.konttoll 1746 
UHDRLGYU,RbL? he&u R,/Uells channel 19,9 

27!:r%J!~“, 
78 

‘1: !!%$ i-3 0.079 122 0,69 
4 0.058 207 0.51 -5 4,O j/ -23 -26 

WDRllRXYtLbPPl iupstrear trans. 1 20.3 
-- -- - --_ - _I -I _ I __ _- _- -- -- - -- -- -- -- -- -- - -- - -- - --- - -- 
UHLBPKLG,LAIJ3 flethw R,/Uells channel 18.3 09-14 iIay 79 13 28tUbv 7.6 0.042 50 0.13 
UlR.BPKYU,RMJl (control) 20.1 
UtkBLB,RnTl ds Bmn. Daaitrans.1 9.7 12 nor 79 12 15Hay 811 0.155 60 0,62 9 6.9 253 377 

-- I_ -- -- -- -- -- I- - -- -- --- -- -- -- --_ -- --- - _-- - _-_ - __ _ __ - - _ 
WIBLOR ds Priest Rapids Dar/Yells channel 20-24 npr 82 25 ODNay lb+2 0,108 - - 

(dounstreaa control1 
UHBLUH bthow R,/Uells channel (upstream traasBl 19-23 bpt 82 23 2OHay lb*9 0.096 - - -5 410 kl -16 - 
--- -- -- --- -- --- --- -_ ___ _-_ --- -- --- --- --- -- _- -- _I -- --- -- ___ __ ___ -1 --- --- -- 
Rb 52 1 ds Priest Ra ids D./Yells channel 22.4 

P 
19-27 Apr 83 49 12Ray 10.4 0.224 - - 

idauns ma. control) 
Rn 17 1 Rethou R, (upstrear trans.1 20.0 19-27 hpr 83 23 llay 9.2 0,122 - - -5 5.0 iy -40 - 
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Table 30 .--continued.

i_/

j_/

a_/  More complete information available from Dawley et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency, Dl=Data 1 code,
and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location  on fish, Sym=Brand symbol, and Rot=Rotation  of symbol. For
abbreviations, symbol, and descriptions see Dawley et al. 1985b.

b_/  Transport groups with time period from first to median fish capture at
Jones Beach in 2 days or less were not included in analysis. Abbreviations:
Bonn=Bonneville, Br=Bridge, D=Dam, ds=downstream, Hat=Hatchery, N=North,
NA=Nonapplicable,  R=River, S=South, Trans=Transported, and Willam=Willamette.

c_/  Combined weekly average flow volume of Columbia River at Bonneville Dam,
Willamette, Lewis, and Cowlitz Rivers during week of median fish recovery
at Jones Beach; kcms = 1,000 m3/second.

d_/  Beach plus purse seine data adjusted for effort and flow at Jones Beach
(catch % of recovery at lowest flow increased by 8.5% per 1,000 m3/second
difference). Comparisons not made for actual catch less than 10 transport
fish. Mark groups were combined where possible to exceed the minimum.

e_/  Preliminary observed data; dashes represent no data available.

f_/  Weekly average flow volume of Columbia River at Bonneville Dam during week
of mean date between release and median fish recovery at Jones Beach--represents
best flow during passage through dams.

[(Percent recovery transport group f percent recovery control)] x 100.

Weekly average flow volume of Columbia River at Bonneville Dam during week of
mean date between release and median fish recovery at Jones Beach.

Combined data comparison.

WHRDPKOR also used for test group (Brand = RA I + 3). Tag not included in
adult recovery information.

Weekly average flow volume of Columbia River at Priest Rapids Dam during the
week following release.

Weekly average flow volume of Snake River at Ice Harbor Dam during the week
following release.
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.laDle Jl.--Jones DeaCn catches and adult recoveries for serial releases oi coho salmon, 
1977-1983. 

---------_--------_---------------------------------------------------------- _------_----------------------- 

Release information -------------____ Recover~inforrotioo at Jones Beach - _-_--- --------------------- 

Ta a/ 
8- (Aa/ l/M) Source b/ ----m-m 

Juvenile catch Date of Flou e Flou adi, Adult recoveries g/ 
effort median Jones catch g observed--cumulative 

Date Size cf 
t~r~r-'2-vr--3-ji--~-yi 

kkr (da/tm/yr) (no./16) (no.) 
addj, d/ fish Eeach e/ Txmj 

(Xl' recovery (kcrsi- (no.1 (XI 02 03 w---------------- -----I------ 
07/26/06 
07/26/07 

Bonneville Hat, 26.9 02hyl83 ’ Oboal 0,096 - - - - 
27,3 31fl4ayl03 :65 iii 0,112 *: 2 1;:: 0.162 - - - - 

--- --- --- --- --- -- -- --- --- -- --- -- --- __ ___ ___ _- _-_ ___ ___ ___ --- --- -em -- --- I- 

07/19/08,11 Cascade Hat. 54.8 23 312 O,Ol 0,57 - 
07/19/07,10 53.1 

07/Hay/?9 Otoa2 
07/Jun/79 

it 
0,147 

it ::Y, i:: # 
637 0800 1.20 - 

07/19/09,12 49+8 Ob/Ju1/79 
2235 

106 01444 13 Jul 4,O 0:3j1 439 0.00 0.88 - 

-/19/63 -- 

-&21/27,;- 
07/21/28,31 
07/21/29,32 

-&241:9,:- 

--- --- -- 
07/27/47 

-- -- -- 

--- --- -- -- 
Cascade Hat. 
(for reference) 

--- - --- -- 
Cascade Hat, 

--- -- --- --- 
Cascade Hat, 
(for reference) 

-- --- -- --- 
Cascade Hat. 
(for reference) --- -I --- -- 

-jy,;-- 2fjjipr/eo --24--- 7; --i,Q&- 

--- - -- -- -- -- ^-- --- -- 
51 ,b Ob/Hay/Bl 0,109 
54.0 08/Jun/81 i: 45: 01102 
56.6 OUJul/al 17 32 0,131 --- -- -em -- -- -me -mm - -- 
55,9 2mwa2 la 55 0,106 

--- --- -- --- --- -- -- --- --- 
43,1 24/tiay/83 17 21 0.059 

--- -- --- I- -- --- --- --- -- 

--- -- __- _-_ _-- _-- e-m --- -mm w-m -- 

17 tlay 7.6 0.086 12 0100 0,04 - 

--- -- 

i;: 2 
10 Jll 
--- e-w 
31 nay 

-_- _- _-- -- -- --- --- --- --- 

1;:; * 00% 0,106 * 1760 1447 987 0,oo 0600 0800 3.26 2.56 I,91 - - - 

__- --- -- e-m --- a- me- -I -mm 
11,o 0,142 310 OIOO 03 - 

-em -em 
31 flay 
e-e -- 

-me _-- -em m-w -es -- -v- e-e --- 
1202 0,085 - - - - 

_-_ _-_ -_- --- -a_ e-w --- e-e --- 
b3/19/11,12 Toutle Hat. 77,l 07/Havl79 

:pB 
a5 0.136 19 thy a,1 0,149 1062 0102 1.38 - 

b3/17i58r19/13 80,3 07/J&79 210 0,296 13 Jun 5,5 1754 0,OO ?a18 - 
b3f 19/28,29 80,9 Ob/k1/79 la 205 0,525 13 Jul 410 

OO'E 
- t 836 0,OO 1.03 

-63/19CJl,~~~58-routleHat, -- --ia,;-- 07/k80 -- -- 19 -- -- 74 -__ 0,192 _- -- 17 Hay -- --_ 7.6 __ 0,202 -- -- --- 335 
--- 

-- 0100 --- 0.43 
a-- 

- 
(for reference) 

mm mm- --- --- --- --- --- -- -- -__ --_ -- -_ _-_ --- _-- --- -- --- --- --- --- --- --- --- -we --- 
63/19/23,24 Uashougal Hat, 155,l 07/N&79 17 168 0,139 20 nay a.1 0,152 2340 0,02 1,50 - 
63119125 h/ 73,O 07/Jun/79 
63/19/26 - 82,9 07/Jun/79 ;i i:: ;*;;z 

0350'3 
;; ",:; 
13 Jll 

:+ i"1E 
687 0.00 0894 - 

b3/19/27,34 163.1 07/Ju1/79 20 388 4:; 
1430 o+oo 1*72 - 

0:37s 2056 0800 1.26 - 
--- --- --- --- -_ --- ___ --- --- -- --- --- -- -- I_ _- --- -- --- -- em- --- --- -- --- --- --- 

b3/20/39,40 Uashouqul Hut, 198.3 oa/twao b3/20/37,38 i/ 195.1 09/Jun/80 ;88 150 0,135 17 Hay 118 0,104 15 Jun ;,; 0,142 1368 

5:3 

0,123 4692 ho”; ‘.J$ - 

b3/19/54,55 213+7 O?/Ju1/80 19 244 0,262 12 Jul 0.224 8981 0.00 ;:?O - 
-me --- -___ --- -__ ___ ___ ___ ___ __ ___ ___ ___ ___ ___ _-- -- --- --- --_ _-- --- _- --- --- --- --- 

63/21/50,22/02 Washougal Hat, 103,8 30/Aor/El :Bo 91 15 nuy 63/21/51,22/03 105,3 27fnaylal 70 yu; I 2 Jun 1G 00% : , 2g ;;;; ;;;i 

-63/25/13-17 -&sh&al-~~t,--- --&,i- 25/nay/82 ---21-- -91 --O,laj- -2-Jll~- iiT0 -- 0,&44 -Y- --- -;i3 --iioi--o,;i- I-- 
(for reference) 

--- --- --- -em --- _-_ ___ ___ ___ ___ __- ___ __ __ --- --- --- --- --- ___ ___ ___ --- -- --- --- e-m 

63/26/45 Washougal Hat, 50.9 15-3O/bpr/83 18 ;i 0,OEl 6 Hay 1;:; % - - - - b3/2?/13-17 52,i 27fhaYia3 19 0,086 1 Jun , L - - - - 

+/ Binary coded wire tag: Ag=Agency code, Dl=Data 1 code, D24ata 2 code. 

i/ More complete information is available from Dawley et al. 1985b or the 
releasing agency Table 21.Hat=Hatchery. 

=/ Comparisons limited to groups with less than 20% difference in mean weight at 
release. 

/ Number is actual; X represents catch for effort adjusted combined replicates. 

e/ Average flow including Columbia River at Bonneville Dam. Willamett - f, Lewis, 
and Cowlitz Rivers on week of median fish recovery; kcms = 1,000 m /second. 

f/ Catch % additionally adjusted for river flow to represent catch at 7 kcms. - 

&/ Percent of total release calculated from observed recovery. No data (-) means 
either adults have yet to return, were not collected, or were not obtained from 
fishery agencies prior to analysis. Comparisons between groups released at 
different times may be erroneous because of differences in ocean distribution, 
unequal fishing effort, or sampling effort. 

k/ BRD and high pre-release mortality from low dissolved oxygen. 

A/ Poor health. 
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Figure 39 .--Linear regression of mean survival increase with number of dams bypassed in
downstream migration;from  Jones Beach recoveries and adult recoveries.



Delayed releases of subyearling chinook salmon could not be compared
because of effects of size differences.

Stocks.-- Estuarine sampling showed some significant differences in catch
between marked groups from studies evaluating the success of various fish
stocks (Table 32). In 1 of 4 years, yearling chinook salmon of tule stock
showed a significantly greater catch rate than late fall stock released from
Bonneville Hatchery (Hansen 1982). Yearling chinook salmon releases from
Klickitat Hatchery of wild stock and Wells stock were each different from the
Klickitat stock but not different from one another. Wallowa stock steelhead
showed greater catches than Wells stock released at Lyons Ferry. A few other
stocks showed significant differences, but fish size was unequal, and in each
instance a greater percentage of the larger fish were captured. Comparisons
were limited to groups with less than 20% difference in body weight at
release.

Juvenile catch percentages correlated well with adult recoveries. In 13
of 18 instances, juvenile catches varied in the same direction as adult
recoveries, and in 9 of 12 instances where adult recoveries were significantly
different (Table 32).

Nutrition. --Estuarine recovery data of fish from diet studies showed
statistically significant differences which generally correlated with benefits
of survival observed from adult recovery data. In 2 years of a 7-year study
with coho salmon at Sandy Hatchery (Westgate et al. 1983b), estuarine recovery
data showed statistically higher recoveries, from individual diet groups,
which correlated with statistically higher adult survival (Table 33). One
diet group showed statistically lower recoveries, but showed no decreased
survival in adult recovery data. Recoveries of subyearling chinook salmon
from a I-year study at Bonneville Hatchery (Westgate et al. 1983b) showed
statistically higher benefits for one diet in 2 of the 3 years for which it
was tested, and adult recoveries also showed survival benefits for both,
however, only one was significant (Table 33). Recoveries of subyearling
chinook@ salmon from a high salt concentration diet at Spring Creek Hatchery
(Leek8_/) showed statistical differences in 1983 and not in 1982.

Several diets showed statistically significant differences as adults
which were not apparent from juvenile recovery data.

Rearing Density.--Differences in relative survival during migration to
the estuary were examined for yearling chinook and coho salmon groups cultured

8_/ S. Leek, USFWS, Little White NFH, Cook, WA 98605; pers. commun.
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Table 32 .--Catch percentages of marked fish from stock comparison studies. 

Release infornotion --------_-------- Recover~informtion ------- ----------- 
Adult recoveries e/ 

Number Dote 
Jones Beach d/ observed--cueulati~e ---me --- --- 

(Lot SyB RotI Source b/ Stock --em - w ---e------m (thou) fda/ro/yrI (noAS) (no,) 
Siie C/ KIKiiKe~oS7iK~~ 

----w------------- -------------___ ! 1%) 
~~~“;-~~~--3 yr 4 yr -5 yr 

(Xl 03 (Xl L -----_- i,-----,-s-,- 

SUBYEARLING CHINOOK SALMIN ----------------------- 

~VZ/Z$~~ Bonneville Hat, Lote Tule full 5510;; 09 Nov 81 11 11 3 3 5 1 0,041 01024 7 4 - - 0,Ol 0801 - - - - -- -- -- --- - mm- -- -- - -- - -- -- --- em- -- -- -- a- -- -- -- --- - -- 

07/21/39 Bonneville Hat, Tule 50&O 09 Nov 81 0,085 - - 07/21/4l Lute full 49.8 99 35 : 0,013 l! ,’ E + - - --- --- --- --- --- -- -- -- e-e -- --- --- --- -- --- _-- -- -- --- --- -- --- --- _-- -- 
07/23/63 Bonneville H& Tule 

$97 . 
01 Nov 82 11 119 4 ~*$ ,J 

- - - - - 07/x:48 Late full 12 105 2 - - - - - 
-em -- -- --- -- -- -- -- -- -- -- --- -- -- - -- --- -- -- --- --- --- --- -- --- 

05/61/01, Lit,Uh,Sul,Hut, Spring Cr, 
63/M! 03/42 

05/03/46-48 Lit.Uh+Sul. --- --- --- _-- --- --- --- -- 
63/26/11 Pr Rap Spuw Ch,/ Prc$fion 
63/26/12 

07/U/57 Bonneville Hat, Tule 
07/16/61 Lbte full 

-- -- -- --- --- --- --- --- 
07/17/36 Bonneville Hut, Tule 
07/17/33 Late full --- --- -_- --- --- --- -- -- 
!$2:‘/“! Bonneville Hat. Tule 

L Lute full -- -__ --- --- -- --- -- --- 
07/27iOl Bonneville Hut, lule 
07/25/47 Lute full 

-em --- --_ --- --- --- --- _-_ 

63/17/32 Klickitat Hat, Klickitut 
63117134 
63/1?/50 

Yi;;;lf:ver 
e-m --- --_ -__ --- --- --- -__ 

i;;\[$i$ tluriFH:kstb Hut+ Carson 
I L Suntiur 

--- e-m --- --- -- --- I- --_ 

151,2 24 )lay 78 119 328 

148,8 25 thy 78 ii5 334 --- _-- -- --- --- --_ -- --- --- 
204.1 a4 141 
20264 

# ?i :i 
63 a6 

YEMLING CHINOOK SALtiON --------------------- 

47.9 13 Iur 79 7 105 
32.7 8 62 a- --- -- --- --- --- -- --- --- 
48.1 13 Har 80 
4913 pb 302 

m-m --- -- --- --- --- --- -- -- 
5510’; 17 Har 82 7 52 

* 7 48 -;7,5- osn(lr.-a3 ---7 --- --- --- 44- 

49,9 23 Hur a3 6 13 --- -mm e-m --- --- --- --- --- --- 
94.6 30 nQr 79 10 45 

‘F .L 1’: es; --- --- --- --- --- --- --- _-- --- 
SO*? 13-15 Hw 78 15 17 
49.6 13 22 

--- --_ I_ --- -_- -__ -- --- --- 

0,343 

0,358 -mm -em 
0,096 
01103 

0,393 
0,403 

--Gj- 

--- --- 

00% 6 

- iij- 

a-_ --- 
0,064 

8 ‘lY * 

-i.OG 
0.089 -- em_ 

471 - 0.31 0.97 0.98 
514 - 0139 1.29 1.57 

-ii; ---- - --o,;;- 0.07 0,26 ox 0,28 0,33 

--- --- --- --- --- -_- 

6 1 0.07 0,04 - - - - 
--- --- -- --- -- --- 

- - - - - 
- - - - - 

-_- --- --- --- -_ ___ 
232 - 0,03 OIla 0125 
269 - 0,Ol O,lS 0.26 
361 - 0.15 0*35 0138 -- - --- - - - - - - ___ __ _ 

18 - o*oo OIOl 0,04 
3 - 0,oo O+Ol 0,Ol 

-I em- --- --- --_ ___ 
07ii7/25,?6,?9 144,3 Huri~h~;.oHut, Santlur Carrjon 148+2 03 79 07/17/30-32 Apr :96 1: 0,073 &? - 0,oo 0602 0*05 0,088 524 - 

0.01 0119 0135 m-w --- --- --- e-w --- --- --- --- --- --- _-- --- --_ --- --- --- a- --- -_ -me -mm --- --- _-- 
07/22/49-51 tiurirh;;;;, Hat, Carson 147,l 16-24 
07/?2/52,53 

Apr 81 14 24 ooo31 
Suntiur al.9 14 27 0.036 

45; 
I 0.00 0.02 0*03 0.07 

- 
- 

-mm -- -- --- -- -me -- --- --- --- --- -I --- --- --- -- -em -- --_ 07/?5/25-27 Hut, Carson 15015 15-17 liar 82 

Huri;nHr;;; Santiur 148,7 la-20 hr 82 :46 556’ 

o,04* --o ____ ---o,io ,- ‘, 

07/x/28-30 0,053 3 - 0.00 - - --- --- --- --- --- --- --- -- --- --- --- --- e-m --- --- --- -mm --- --_ ___ --- --- --- m-w -- 
07/20/44 
07/?0/42 

Oukridge Hut+ O;;ctdegre 3300,; 10 Hat 80 8 
, 9 

25 0,202 272 - 0,06 0,54 0.89 
20 0.149 339 - 0.07 0167 lb10 

-me -- --- -mm I_ --- I_ --- --- --- --- --- --- --- -- --- --_ -- -_- -__ --- -- --- -- --- 

07/22/25 
07/23/05 Oakridge 

Hut. 
O;$r:$e ii 

26,6 16 Hur 81 
0,063 

- 
29.7 3 149 0.104 1:; 1 8’;: 8’:; - , , -em m-v --- --- --- --- --- --- --- -- --- --- m-m --- --- --- -- -_ --_ ___ ___ ___ --- a-- --- 

:5;/:,2; 2 WUre Springs Hut. E~;YSSI~. ’ + 168,O 10.9 07-14 Apr 80 19 19 m-e -a --- a-- - --- a-- --- -- --- --- --- --- --- 
05/08/24 Warm Hut, 
05/08/22 Springs 

32,3 02 81 
C;w~yS~;, , . 6687 Apr 88 --- -mm --- --- -- --- --- --- --- --- --- --- --- --- 

05/08/25 Uarm Spring Hat+ 
05/08/23 

Early Sue, 186.0 09 81 
Lute Sur, 170,2 09-16 Apr 91 hpr :\ 

sTmE!Y 

05/13/34 Huqerrm Hat+ A stock 39J is-20 Apr a3 5 
e Upper Sol, R. 

-_ __- ___ ___ _ --- --- --- --- --- --- -- --- ^-- 

5: 0.086 0.059 
--- --- m-e --- -__ 

4 0,027 
20 0.062 -_- --- -_- --_ ___ 

16 48 00% . 

104 0,363 - - - - - 

--_ -- -- -- --- 

126 - - - 

1351 - - - kE 
_-_ --- -- -em e-m --- 

20 : 0,oo 
0.00 

0,oo 0.00 - - 

--_ --- _-- --- --- --- 

1; ‘: pi , ;.i; . - - 

___ -__ -__ a-- -- --- 

10/24/60 Hu ermn Hat. 
@ &k Sul, R, 

B stock 37.6 12-13 Apr a3 4 102 0,316 - - - - - 
--- -- -- --- --a 

--kii-i Gns m-w Ferry em_ Hat. e-e __ Ye e-m -- 51,6 54,6 -- 01-20 -- Ruy -- 83 
I- 

4 4 ___ ___ ___ 7 ___ 
e-N 

__ 0,016 0,104 
-- 

_’ - _ - - - - - - 

----------------___________________________---_-_________^_-------------------____-_---------------- ----e--v-L----- 
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Table 32.--continued.

a/-

b/-

Cl-
d/

el-

More complete information available from Dawley et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency  code, Dl=Data 1 code,
and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location  on fish, Sym=Brand symbol, and Rot=Rotation  of symbol. For
abbreviations, symbol, and descriptions see Dawley et al. 1985b.

More complete information is available from Dawley et al. 1985b or the
releasing agency Figure 21. Abbreviations used are listed: Ch=Channel,
EFk=East Fork, Fks=Forks,  Hat=Hatchery, Lit=Little, Pr=Priest, R=River,
Rap=Rapids, Sal=Salmon,  Spaw=Spawning, Wh=White, and @ = Released at.

Only groups with average body weight < 20% difference were compared.

Actual catch and adjusted percentage catch, purse seine plus beach seine;
combined replicates.

Percent of total release calculated from observed recovery. No data (-1
means either adults have yet to return, were not collected, or were not
obtained from fishery agencies prior to analysis. Comparisons between
groups released at different times may be erroneous because of differences
in ocean distribution, unequal fishing effort, or sampling effort.
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Table 33.--Jones Beach catches and adult recoveries for marked fish from studies 
of nutrition, 1977-1983. 

Top !I 
LhlLMO2, 

BD!DSse infonation 
hdult recoveries c/ 

Juvenile catches at AkELEk:L!!ti~ti!~~ 
Nwber Date Jones Bed b_/- total 2 or 3 yr 4 yr 

Diet Source ---- --!!h!U!!!ELY!L--_-- (no,) (2) cn&jm-tp (73 (%) ---_m 

!!%&Gm 

09/05/U Herring 8% Sandy Hat& 6M 06 Hay 77 23 0,076 1060 0.00 1*75 - 
WO6706 Herring 4% soy 4% 57.2 24 0,086 1330 o*oo 2J3 - 
09/06/07 Herring 6% soy 2% SE,8 26 0,091 1245 0,OO 2J2 - 
09/06/08 SOY 8% boa0 25 0,065 1212 0.00 2.02 - 
09/06/09 Herring 2% soy 6% 60.2 24 0.081 1238 o,oo 2& - 

--- --- --- --- --- _-- --- -- I- --- __- --- --- -- --- --- _-- I --- -I --- __ 
09/16/44 Soy 6% herring 2% Sandy Nat. 33,2 02 Nay 70 25 0.091 908 0.09 2J3 - 
09l16NS Herrinq 8% 34,o 14 0.051 848 0.05 2.49 - 
09/16/46 Soy 4% herrinp 4% 32,s lb 046.3 832 0107 2S6 - 
09f16747 Soy 2% herring 6% 3386 26 0.102 865 0,09 2~57 - 
09llb140 Soy 0% 33.7 18 0.072 859 0.07 2+55 - 

--- --- --- --- --- --- -- -- --- --- --_ -- -_- --- --- --- _-- --- --- --- --- _-- 

09/16/49 Menhaden oil 6% Sandy Hat, 34,O 04 Nay 78 21 0.080 835 0,05 2,4b - 
09/16/50 SOY ail 6% 33,3 24 0.096 759 0,06 2.20 - 
09/16/51 Herring oil 6% 34,4 19 0.074 748 0804 2.17 - 
09/16/52 Anchovy oil 6% 33*0 22 0.085 771 0,03 2.34 - 

-- -- -- --- - --- --- -- -- --- -- --_ -__ -- - -- --- -- -- -- -- - 

07/17/49 Anchovy oil 6% Sandy Hat, 2785 01 Hay 79 28 0,133 343 046 lxi - 
077171’50 henhaden oil 61 27.4 25 0,114 521 0*07 1.90 - 
07/17/51 Soy 6% 27,5 32 0,151 622 0607 2.26 - 
07/17/52 Herring 6% 27.9 28 0.121 343 0.06 1.23 - 

--- --- --- --- --- --- --- --- --- --- --- -- --- -- _-- -_- --- __ ___ -_ ___ _ 

07/20/31,33 OHP 4 Sandy Nat. 50.4 01 Nay 80 31 0.139 367 0,Ol 0.73 - 
07/20/32,34 OtlP 2 Fresh t frozes so,7 33 0,144 531 0,Ol I,05 - 
07/20/35,36 OHP 2 Acid 50.4 32 0,131 446 0.01 0,88 - 
07/20/37,58 OHP 2 Frozen 52,5 33 0,129 541 0.02 14 - 

--- - --- --- --- --- --- --- --- --- --- --- --- --- --- -- - __ __ _- ___ ___ 
07/22/55,57 DIP 2 Frozen Sandy Hat. 56,s 01 flay 81 37 0.104 750 0801 1.33 - 
07/22/56,50 OHP 2 Acid 55.3 32 0.076 735 0.02 1.33 - 
07/22/59,62 Presscake 57,7 59 0,144 1036 0.01 1.80 - 
07/22/60,63 OHP 4 57.8 35 0.077 927 0601 1,60 - 
07/22/61,23/01 lWP 2 Frozen k fresh 58.7 42 0,091 900 O,Ol 1.53 - 

-- - -- --- - --- --- --- -- - - --- - --- I -- -- -- --- -_ ___ __ 
07/25/50,58 DIP 2 Sandy Hat, 54,2 30 Apr 82 86 0,165 709 0,12 1.31 - 
07/25/51,54 W 4 54*9 80 0.151 642 q.13 1.17 - 
07/25/49,57 PC-6 52,l 84 0.170 759 0.20 1.46 - 
07/25/53,55 PC-4 54.3 58 0.110 nb OJ4 1.34 - 
07/25/52,56 Abernathy 5485 79 0,147 743 0,09 1.36 - 

-- --- --- -__ --- --- - --- -- --- --- --- --- --_ -- --- -- -- --- ___ ___ __ 
07/27/31,36 OIiP 2 Sandy Hat, 109.6 29 Apr 83 78 0,071 - - - - 
07/27/32,35 Sal. Heal 109.5 67 0.062 - - - - 
07127133134 dbemathy IO&8 73 0,068 - - - - 
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Table 33.--continued. 

07/2K43,34 DIiP 2 Sonneville IhAd_/ 100.5 27 flay SO 26 0.044 39 o*oo 0.03 0.04 
07/21135,36 DW 4 97,s 50 omo 31 o*oo 0.03 0.03 

- --- --- --- -- -__ -- - -a _-_ -- --- ___ __- _-- --- _-- - _-- - _- I_ 
07/23/41,42 oNP2 Bonneville Hat, 102.4 12 nay 81 90 0.104 61 0,OO 0.06 - 
07/23/43,44 DHP 4 105,o 114 0,132 95 0,Ol 0,09 - 
07/23/45,46 Presscake 101,9 99 0,121 42 0.00 0.04 - 

-- --- --- --- I- --- --- -- --- --- --- -__ --- --- --- -- _-- _- _-- --- --- - 
07/24/14,15 ow2 Sonneville Hot. 104,l 04 .hn 82 84 0.081 - - - - 
07/24llb,L7 DHP 5 ~pmscakr) 106.6 91 0,090 - - - - 

- - -- --- -- --- -- --- &_ --- - -- -- --- --- -- -- -- --- -- --_ I 
07/27/29,30 Qtv 2 Bmneville Hat. lOO+O 04 bay 83 171 0,171 - - - - 
07/27/27,28 CdiP 4 1Og.B 172 0.171 - - - - 

- --- --- --- -_ -__ _-- _- -_ -I -- --- --_ --- --- ___ --_ _-_ I- --_ - _I 
05/10/55r56 711 Salt Spring Creek Hot.!/ 89+6 15 lrpr 82 135 0.173 - - - - 
05/10/53,54 centre1 91.7 139 0.174 - - - - 

-- --- --- --- -- --- -- -- --- --_ _-- --- --- --- --- -_- ___ ___ ___ -- --- --- 
05/11/42,43 7% Salt Spring Creek Hat. lOOa 28 Apr 83 136 0.136 - - - - 
05/11/44,45 Control 104,o 171 0.164 - - - - 

31 Binary coded wire tag: 6g=Agency code, Dl=Oata 1 code, and D2=Data 2 code. 
u Nwber is actual catch; X catch adjusted for effort; combined replicates. 
~1 Percent of t&al release, calculated free observed recovery, No data f-1 wans either adults have 

yet to return, or vere not collected or vere not obtained frm fishery agencies prior to analysis, 
Coeparisabr between grwps released at different tiles cay be erroneous because of differences in 
ocean distribution, unequal fishing effort or sampling effort, 

d/ Jean Legasse, ODFU, Sandy Hatchery, 39800 SE fish Hatchery Road, Snndy, Oregon 97055. 
21 Stew Leek, USIW Little Yhite Salem NFH, Co&, Uasbington 98605. 
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at various densities of fish per volume of water or per rate of water exchange
(Table 34). Estuarine recovery data for coho salmon from Eagle Creek Hatchery
over a 3-year test series 1981-1983 (Holway9_/)  showed statistically
significant benefits related to lower rearing density which were also
correlated to significantly increased survival to adulthood. However,
estuarine recovery data of juveniles from single tests and series of tests
from six other studies showed no correlation with density, even though adult
recovery data showed strong positive correlation with decreased rearing
density; statistically significant for three of five studies. One of the two
groups which showed negative correlation was highly significant, whereas the
other was poorly correlated.

Juvenile recoveries showed differences among study groups which varied in
the same direction as adult recovery data less than 50% of the time which
suggests that estuarine catch data are generally not sensitive in the
prediction of adult survival trends for rearing density studies.

Catch Rate Models for Subyearling Chinook Salmon

Marked fish representing all the stocks of subyearling chinook salmon
cultured in the Columbia River basin from 1978 to 1982 (Environmental and
Technical Services Div. 1983) allowed a detailed assessment of variables
affecting estuarine catch percentages and development of a catch rate model.
Future catch data may be compared to model predictions for examining the
relative success of survival during migration. Correlations with several
variables were examined for upriver release groups (upstream from John Day
Dam; > RKm 347), downriver release groups (downstream from John Day Dam),
combined groups, and individual stocks. Variables examined were fish size
(no. /lb), movement rate (km/day), river flow 3(m /second), date of recovery
(Julian date), and distance of migration [release site (RKm)- capture site
(RKm)], Catch percentages were standardized to 7,000 m3/second river flow for
all data, 1977-1983 (Table 34). The equations are given in the original data
units but the statistics were calculated using normalized units. Catch
percentages of upriver released fish showed a significant linear relationship
with distance of migration, fish size, and river flow. This relationship
is: Y = 0.1645 - 0.0001760X1 -0.0009868X2 + 0.01569X3 (in normalized units
the equation is: Y = -0.2103X1

2

2, 19 df with P < 0.001).
-0.3428X2 + 0.5350X3;  Ra = 0.53, F = 12.76 at

Where Y is catch percentage, Xl is distance of
migration, X2 is fish size, and X3 is river flow.

In some cases, catch percentages for individual stocks showed a
significant relationship to particular variables. Data from groups reared at
Bonneville and Little White Salmon Hatcheries (primarily downstream releases),
Priest Rapids Spawning Channel, and Hagerman Hatchery (primarily upstream
releases) provided the following relationships:

9_/ J. Holway, USFWS, Eagle Creek NFH, Rt. 1, Box 610, Estacada, OR 97205;
pers. commun.
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Table 34.--Jones Beach catches and adult recoveries for marked fish from studies 
of rearing density, 1977-1983. 

Juvenile catches 
nmt reco”ePleD CI 

Nunber 
gGsG~kgd-:<bGu_lg&~~e 

f!+@v (thg~)_~&$~rL(no-I 
-JzKm;~7- gy 2$ -3 r’ 7 y -5-y?- 

‘----s-t ---- LX-!X-LX!- 
U 

13/09/11,12 Cowlitz Hat, - 13/09/14,11/04 @S” 08 Mar 77 z: poi 0.35 0890 1,14 
13/13/01,04 54:7 0:111 896 I 

0.51 
1*35 1872 0.74 
LO9 1.58 -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -- _-- --- --- ___ ___ 

63/17/09,10 Cawlit: Hat, 63/17/17,18 G*O 6S lbs/gal/rind/ 177,4 08 ilur 78 140,7 1,14 2870 3,17 
63/17/11,12 Ibs/gal/ain lbs/gul/rin- 

:;; 
6,O 1~32 3,23 3.83 

63/16/12,13 
1153 

3.0 lbs/gul/sin 
1.42 

56,O ‘66: 3~28 3,GO 
lA1 3,49 4*07 --_ --- --- --- --- --- --- --- --- --- --- --- --- --- --- -__ _-- --- --- ___ ___ 

Rd T 1 Kooskio Hut, 0.29 lbs/ft Rh 1 Tin!/ l;+; 
04-12 

2 0*08 lbs/ft /in Gpr 
83 

, 1: %i - - - - - - 

63/24/20-24 Coulitz Hat. 20,O 51,0 
63124125-29 

Ibs/qal/nin 

63/24/40-44 
198 

63/24/35-39 
12.7 
12.6 

lbs/gul/m lbs/gnl/r~n 
52,9 
53,2 

63/24/45-49 
63/24/30-34 

12.2 
11.6 

lbs/gal/rin lbs/gol/sin 
51,2 
51,7 

lbs/gol/rin 52,3 -- --- --- --_ _-_ __- -_- --- _-_ ___ ___ 

03 thy 82 95 0,196 436 OS15 0.85 
10’: 0.197 0,143 671 591 0.31 0,22 1.26 l*l? 

0,182 556 0927 1,09 

“0% 610 446 0,29 0,22 1.18 0885 

63/26/13-17 Coulitz Hot, 
63/26/18-22 

22.9 52,4 
16,O 

63/26/38-42 
lbs/gal/rin lbs/gol/rin 51.1 

63/26/23-27 
15,O lbs/qul/sin 51,s 

63/26/28-32 
14+3 lbslgullnin S2,l 
11.7 

63/26/33-37 
51.7 

9.2 lbs/gal/min lbs/qnl/rin 52.1 --- --- --- --- --- _-_ _-_ ___ ___ ___ ___ 

fm:‘; Hat. 
05/08/:7 

Eagle Cr. 0,45 OS30 lbs/ft%nf/ Ibs/ft3/in- 127.8 83,7 
O,lS lbs/ft’/in 43#6 

- -- --- --- --- --- --- 
03 thy 83 

;i 

71” 

2 

0,174 

“0% 
01152 
0,176 
0.161 

--- -_- _-- ___ 

--- ___ _-_ ___ 
- - - 
- - - 
- - - 
- - - 
- _ - 
- - - 

--- --- -__ ___ 
1702 0.14 1.33 
1106 0.16 1.32 
678 0.21 1.56 

_-- _-- 

--_ --- -__ --- ___ ___ 
05/10/39,40 EQgle Cr, Hat, 
05/10/37,38 
05/10/35,36 

-- --- .___ ___ ___ __. 

--- --- - -_ --- 
lbs/fts/in l;;,; 
lbs/ft@ 
Ibs/ft fin 39:1 

22 Apr 81 180 
136 
62 

05/11/33,34 Eagle Cr. Hot. 
05/11/35,36 
05/11/37,38 -- --- --- ___ ___ ___ 
09/06/02,04 Sandy Hut, 
09/05/15,06/03 
09/05/14,06/01 

0.45 
0.30 
0,15 --- 
0.45 
OS30 
0,lS --- 

--- --_ _ __ ___ 
06 Hay 82 ;;; 

71 

0,185 
0,219 
0.186 --_ ___ 
0,179 

%i 

--- --- --- --- 
766 0,Ol OS7 
509 0.02 0.60 
279 OS14 0,71 --_ _-- ___ ___ 

Ibs/ft%n 
Ibs/ft3/in 1:X$; 

Ibs/ft3/in 4112 
--- --- --- --- 

--- -- --- --_ 
O4 noy 83 1’:: 

68 

__- ___ 
0,135 

00% 

Hi h 
1 ne 

Lowa/ 

--_ --- --- --- ___ ___ 

--- ___ -_- 
Wushouqal Hot. 

- -- --- - -- 
63/25/13-17 
b3/ 2.V 18-22 
63/25/23-27 
63/25/20-32 
63/25/33-37 
63/25/38-42 

--- I-- ___ 

lbs/qnl/sing/ 
Ibs/gul/nin 
lbs/qul/min 
lbs/gnl/min 
lbs/gul/rin 
lbs/unl/ain 

27 hpr 77 
ii 

--- --- --- ___ 
- - - 
- - - 
- - - 

--- -- - --- ___ 
0,076 
0,057 
0,063 

t;:: 

ii:: 

8 
--- --- --- --- --- --- --- --- .___ ___ ___ 
63/27/13-17 Yoshougol Hate 14.3 lbs/gal/sin 52,l 
63/27/08-12 
63/27/03-07 

12,s lbs/gol/rin 52,O 

63/26/61-63,27/01,02 
10~6 lbs/gol/sin 51,3 

63/26/56-60 
8~8 lbs/qol/min 49.4 

63/26/51-55 
688 lbs/gal/ajn 48,5 
6~0 lbs/gol/nln 39.8 --- --- --- --- --- --- --- --_ ___ ___ ___ 

05/09/34-37,44,45 Uillwd Hat. 200 gpn/pd 
05/09/28-31,42,43 

13702 

05/09/32,33,38-41 
400 gpol/pdc/ ;i:.$ 
600 gps/pd , 

--- --_ -- - - __ 
25 Hay 82 44 

34 

ii 

it 
--- --- _-- -__ 

27 iloy 83 38 

ii 

23: 
29 --- --- --_ _-- 

_-- --- 
0.101 
0.084 
0,072 
0.094 
0,094 
0,093 ___ ___ 

888 0,08 2804 
814 0.08 1.71 
808 0,06 l,S9 --- --- ___ ___ 
183 0.01 0*35 
194 0.00 0.38 
254 0.01 0849 
268 0,Ol 0,52 
163 O,Ol 0.33 
lb7 OS01 0.32 __ _ __- ___ ___ 

0.085 --- --- 
07 Jun 83 ,‘:; 0.103 

12j * 8% 

--- --- 
- _ 
- _ 

- - 
- _ 
- _ 
- - 
- _ 
- - 
-- --- 
- - 
- - 
- _ 
- - 
_ _ 
- _ 
--- --- 
- _ 
- - 
- - 
___ ___ 
- _ 
- _ 
_ _ 
--- _-- 
- - 
- _ 
_ _ 
--- --_ 
- _ 
- _ 
_ _ 
--- ___ 
- - 
- _ 
- - 
- - 
- - 
- - 
--- --_ 
- - 
- - 
- _ 
- _ 
- - 
- - 
--- --- 
- _ 
- - 
_ _ 
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Table 34 .--continued.

a_/  More complete information available from Dawley et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency, Dl=Data 1 code,
and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location  on fish, Sym=Brand symbol, and Rot=Rotation  of symbol. For
abbreviations, symbol, and descriptions see Dawley et al. 1985b.

b_/  Actual number captured, beach and purse seine:, percent adjusted for effort;
replicates combined.

c_/  Cumulative percent of total release calculated from observed recovery. No
data (-) means either adults have yet to return, were not collected, or were
not obtained from fishery agencies prior to analysis. Comparisons between
groups released at different times may be erroneous because of differences in
ocean distribution, unequal fishing effort, or sampling effort.

d_/  Robert Foster, WDF, 115 General Administration Building, Olympia, WA 98504.
Production densities about 20 and 14-18 lb/gal/min for Cowlitz and Washougal
Hatcheries, respectively.

e_/  Ted Bjornn, University of Idaho, Idaho Co-op Fisheries Research, Moscow, ID
83843. Production density about 0.3 lbs/ft3/in.

f_/  Jamieson Holway, USFWS, Eagle Creek Hatchery Route 1, Box 610, Estacada, OR
97203. Production density about 0.45 lbs/ft 3 /in.

g_/  Jean Legasse, ODFW, Sandy Hatchery, 39800 S.E. Fish Hatchery Road, Sandy,
OR 97055.

h_/  Joe Banks, USFWS, Abernathy SCDC, 1440 Abernathy Road, Longview, WA 98632.
Production density about 400 gal/min per pond.
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Bonneville Hatchery:

Y = 0.2311 + 0.02867X1 - 0.0.01399X2

R2a = 0.79, F = 24.17 at 2, 5 df with P < 0.005.

Little White Salmon Hatchery:

Y = 0.2511 + 0.004045X1 - 0.002958X2

R2a
= 0.44, F = 7.38 at 2, 6 df with P < 0.025.

Priest Rapids Spawning Channel:

Y == 0.01163 + 0.01310X3

R2 = 0.80, t = 5.69 at 8 df with P < 0.001.

For the Priest Rapids Spawning Channel distance of migrat on and fish size did
2not contribute significantly to percent catch, although Ra = 0.77 for the full

model.

Hagerman Hatchery:

Y == 0.02554 + (2.36323-6)  log X3

R2 = 0.96, t = 10.65 at 5 df with P < 0.001.

The full model
2
ith a sample of nine observations did not yield a significant

relationship (R -a 0.30, at 2, 6 df with 0.10 < P < 0.25). A plot of percent
catch versus river flow showed two outlying observations, and the above
relationship was obtained when these were trimmed from the data set. Although
this relationship is highly significant, the data set is too small to serve
for anything but a general guide.

We hypothesize that cultural, biological, and environmental variables,
independent of those examined, have great effects on estuarine catch
percentage, and that sampling efficiencies are different for individual
stocks, i.e., from different hatcheries. For that reason, compiled catch data
from lower river released fish groups do not provide data which are consistent
for representing numbers of individuals in the river. However, assessment of
catch data from single stocks, in some instances, provided data consistent
enough to develop a baseline of expected percentages in relation to those
variables examined. Groups released upriver provided more consistency between
stocks for a single variable examined.
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Survival of Subyearling Chinook Salmon to the Estuary

Measurement of survival from release site to the estuary was attemped for
fall chinook salmon cultured at the largest hatcheries in the river system to
examine variations in relation to river conditions and specifics of culture.
Hatcheries more than 150 km from Jones Beach were used to provide a migration
distance long enough for survival differences to become apparent. From 1978
to 1983, fish groups were branded at all hatcheries possible and transported
by truck to release sites about 40 km upstream from Jones Beach. Catches of
the branded fish were compared to those of tagged fish which migrated from the
respective hatchery to Jones Beach. The branded group was assumed to have
100% survival due to the short distance of migration, and the difference of
catch percentage between the tag and brand groups was assumed to represent
survival difference.

Variation of survival estimates was high and seemed unrelated to known
variables. Adult recovery data were not correlated with survival estimates
and as a result those estimates provide no data which at present appear
relevant for analysis.

Decreased Catches Related to the Eruption of Mount St. Helens

Jones Beach catch data indicated a substantial loss of subyearling
chinook salmon during the period immediately following the eruption when the
river was highly turbid (34 to 2,800 Jackson Turbidity Units) and an increase
in water temperature occurred. In 1980, purse and beach seine catches
(145,650 fish) were 51% lower than the average catch for the previous 2
years--284,267 in 1978 and 309,267 in 1979. In both 1978 and 1979,
subyearling fall chinook salmon released from Bonneville and Little White
Salmon Hatcheries provided substantial peaks at Jones Beach during late May
and June; catches were depressed even though 18.6 million fish were released
from the two hatcheries (Fig. 40). The recovery rates of marked fish from
releases in 1980 (0.083 and 0.072% for Bonneville and Little White Salmon
fish, respectively) were less than half of the 1978 and 1979 averages (0.169
and 0.280%, respectively). Adult recovery rates for the marked groups from
Bonneville Hatchery were confounded by a mix of fish rearing conditions
(Tanner Creek vs well water) which has in the past caused different rates of
survival to adulthood. Adult recoveries from groups of Little White Salmon
Hatchery were exceptionally low for all years and no difference was detectable
for groups which migrated in 1980.

While dead or moribund fish were not seen during sampling, observations
indicated that 15 juvenile salmonids captured on 28 May 1980 had irritation of
gill filaments, characterized by heavy mucus secretions laden with particulate
matter. The particulate matter and mucus observed may have been indicative of
mortality in other individuals which would have contributed to decreased
catch. Fourteen fish were examined on 2 June and their gill filaments
appeared normal. Other researchers performing bioassays found that suspended
ash from Mount St. Helens affected salmonid gills and caused mortality (Stober
et al. 1980; and Newcomb and Flagg 1983).
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Figure 40.--Weekly beach seine catches of subyearling chinook salmon
at Jones Beach, 1978-1980, with shaded area representing
fish captured from Bonneville and Little White Salmon
Hatcheries.
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Characteristics of Wild Stocks

Detection of the various stocks of wild fish was impossible because they
could not be identified unless marked. Some wild fish, however, were tagged
as part of various research projects; fish from the Lewis (Norman 1984),
Deschutes (Lindsay et al. 1982), Warm Springs (Lindsay et al. 1982), and John
Day Rivers (Knox et al. 1984) were seined, marked, and returned to their natal
stream for rearing. Recoveries at Jones Beach (Table 35) provided for some
assessment of timing, catch rates, and physical condition.

Timing, Size, and Catch Rates.--Migrational timing, size, and catch
percentage data for marked wild migrants were comparable to data obtained from
hatchery reared fish. Wild yearling migrants (35 total fish) had similar
timing to hatchery stocks; March and April for Lewis River fish from the west
side of the Cascade Mountains and May and June for John Day, Deschutes, and
Warm Spring Rivers on the east side of the Cascades. Mean fork lengths ranged
from 117 to 142 mm; catch rate averages for fish from each tributary ranged
from 0.014 to 0.119%. Timing of wild subyearlings from the Lewis River (2,209
total fish; date range of median fish recovery = 22 July-23 August) was later
than for migrants from the Deschutes River (84 fish; date range of median fish
recovery = 1 June-12 July). Overall catch rates (0.069 to 0.353%) and mean
fork lengths (91 mm to 106 mm) of wild subyearlings were similar to hatchery
fish.

Timing observations of size-graded wild fish from the Lewis River in 1983
indicated that date of passage at Jones Beach was related to individual
size. From 6 to 11 June, personnel of WDF seined, graded into two size groups
(45-54 m m  and > 54 mm), tagged, and returned to the Lewis River 96,444 wild
fall chinook salmon (Norman 1984). Average fork lengths of the two mark
groups at tagging were 49.3 and 58.4 mm. Recoveries of these fish at Jones
Beach indicated a distinct timing difference (Table 36); the dates of median
fish recovery were 20 July for the large fish and 9 August for the smaller
fish. Mean fork lengths at recovery were nearly identical (84.6 and 84.3 mm,
respectively). Reimers and Loeffel (1967) suggested that in the Columbia
River tributaries, juvenile salmonids must reach a minimum size before
migrating- size varying in different streams. Our observation of the Lewis
River fish seems consistent with this hypothesis.

Movement Rates.--Movement rates for wild fish were generally not
representative of hatchery fish movement rates past Jones Beach because dates'
for beginning of migration were unknown; comparisons were not made.

Conclusions

1. Migration timing of juvenile salmonids entering the estuary was
affected by dates of release from hatcheries and other factors which altered
movement rates. In some instances, fall-released fish groups overwintered
upstream from Jones Beach and migrated in the spring; size of fish and stock
differences appear to influence the migration timing.
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Table 35.--Summary of catches, migrational timing, and fork lengths of marked 
wild juvenile chinook salmon populations captured at Jones Beach, 
1977-1983. 

Harked PPWS 
Total Nueber of Total 

O&e range han fork Overall 
Recoveries Me range of from 10% to mean fork 

River of 
length 

Age at greups groups fish adjusted g/ redian fish 90% fish 
origin capture 

rnnge by length 
larked captured eerked (no.) (1;) recoveries mcuvery group (mm) 

(mm) -------------------------------------------------------------------------------------------------------_______________ 

John Day subyearling - g - - - 

yearling 35 I$ 5 c_/ 90,305 13 0.0144 4 fla~-l7 Jun 30 bpr-17 Jun 115-129 118 

Deschutes subyearling 16 10 121,656 84 0,0690 1 Jun-12 Jul 1 Jun-17 97-115 106 
yearling 10 S 4,715 

Au9 
8 0.1186 4 Ilay- Hay 4 hay-16 hay 130-150 142 

Wk. Lewis subyearling 23 23 625,803 2,209 0~3530 22 Jul-23 Aug 25 Woy-18 Ott 76-97 91 
yearling - 4_d/ - 10 - 17 Har-25 hpr 17 nor-30 tloy 110-128 117 

Pare Springs subyearling - g - -- - 
yearling 12b_/ 3 17,667 b_/ 4 0,0226 2 iiay-4 Jun 2 bay-5 Jun 107-145 122 

--------------------------------------------------------------------------------------------------------------- 

/ Adjusted for standard effort (10 sets beach seine, 5 sets purse seine g 7 days/week). Nuder of fish recovered 
fad,iusted for effort) X total nurber of fish released (including theee of groups which "en not recovered). 

b/ Includes fish groups larked ae either yearling" or subyearlings. 
c/ Three groups codedrire tagged ee subyearlings eere captured 05 yearling" the follouing eeeeon at Jones Beach, 
JT/ Fish captured uere free groups larked as subyearlings, 

previous year ee subyearling. 
host fish free those groups uere captured the 
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Table 36.--Recoveries of wild subyearling chinook salmon at Jones Beach from
groups which were seined, size graded, marked, and returned to the
Lewis River by Washington Department of Fisheries personnel, 6-11
June 1983.

Release Information----------------------------------------------------------------------------------Recovery Information
Mean                                      Mean
fork         fork

Size group/  No.     length          Adjusted   Recovery date   length
(tag code)  (thous)  (mm)   (No.)   (%) a_/  (10%) (50%) (90%) (mm)

<_ 54mm       48.3      49.3     132     0.565    15Jul  9Auq   30Auq   84.6
(63/27/37)

(63/27/38)
>_ 54mm        48.1     58.4      113     0.362     9Jul 2OJul   16Aug   84.3

a_/ Adjusted for sampling effort,
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2. Movement rates of subyearling chinook salmon increase with increases
of river flow, fish size, distance of migration, and Na+-K+ ATPase.
Correlation to these variables was high for lower-river stocks, but low for
upriver stocks. Increased river flow also increased movement rates of
yearling fish, but other variables were not assessed because individual stocks
were not consistently marked each year.

3. Cessation of movement in the estuary did not occur; yearling fish
showed no slowing of movement during passage through the estuary and into the
ocean plume, but subyearling chinook salmon did show a 30% decrease compared
to rates from release site to Jones Beach. The Columbia River estuary is not
used as a rearing area by subyearling chinook salmon released upstream from
Jones Beach.

4. Variability among estuarine catches of replicate marked groups is
consistent with normal sampling statistics. Consequently, catch rate
differences among replicates were used to evaluate differences between
treatment and control groups to provide the greatest statistical precision.
Variability of adult recovery data from replicate groups appears higher than
expected, which suggests that subtle differences in culture impact adult
return rates but are not observable from estuarine catch data.

5. Die1 movement behavior showed a generally consistent pattern for each
species, thus comparable percentages of fish passing for the 24-h period were
sampled during the 7-h morning period.

6. River flow alters
3

sampling efficiency; catch rates decreased an
average of 8.5% per 1,000 m /second of increased flow.

7. Sampling date, fish size, and distance of migration sometimes
affected the distribution of catch between the beach and purse seines; such
catch-rate comparisons should only be made between dissimilar groups if the
distributions of catch are nearly equivalent.

8. Estuarine sampling showed trends of significantly increased survival
for migrants transported past dams, late releases of coho salmon (June and
early July), and larger size at release for yearling chinook salmon. Smaller
fish from some migrant populations disappeared prior to entering the
estuary. Minimum-size thresholds for migration and survival of Columbia River
coho salmon and wild fall chinook salmon and Willamette steelhead were
supported with Jones Beach sampling data.

9. Particular groups from studies of fish stocks, rearing densities,
and diets showed some survival differences, in estuarine catches, but
generally differences among groups were not significant. Highly significant
differences in adult recoveries observed in studies of density and nutrition
were not predictable from juvenile catch data.

10. Catch rate models developed from the catch data for subyearling
chinook salmon provided a reasonably good predictor for certain hatcheries,
but a general model for lower-river fall chinook salmon was not possible due
to differences between hatchery groups. Models were not developed for
yearling fish because groups at individual hatcheries were not marked
consistently through the years.
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11. Survival of subyearling chinook salmon from release site to Jones
Beach was evaluated for particular hatchery groups released in 1977-1983, but
the precision of estimates was poor in relation to adult recoveries.
Apparently, migration behavior of fish transported and then released close to
the sampling site (controls) was inconsistent in relation to those that
migrated downstream (test), which caused substantial catch-rate differences.

12. Losses of subyearling chinook salmon appeared to be substantial
during the date range in 1980 when highly turbid water from Mount St. Helens
was passing through the estuary.

13. Wild chinook salmon are diverse in their migration timing, size, and
age structure--much the same as hatchery reared fish.

135



SECTION IV ANCILLARY STUDIES

Food Consumption of Juvenile Salmonids Captured at Jones Beach

Introduction

Quantity and/or quality of food consumed during the migration of juvenile
salmonids is critical to their survival. Snyder (1980) found that inadequate
nutrition reduced swimming stamina in juvenile coho salmon which could inhibit
their ability to capture prey and avoid predators, thus affecting their
survival.

Interspecific interaction between coho salmon and steelhead in small
streams has resulted in agonistic behavior, influencing food consumption and
growth (Stein et al. 1972); it may also influence stomach fullness values in
Columbia River salmon smolts, especially during years with a high degree of
migrational overlap of species (Table 37).

Reduced feeding rate may be an indicator of poor health or stress, which
decreases survival to adulthood even when food is not limited. Nicholas et
al. (1979) speculated that release trauma and unfamiliarity with the estuarine
environment in the Siuslaw River (Oregon) resulted in a temporary inability of
coho salmon to utilize available food (50-90% empty stomachs).

Reimers (1973) hypothesized that population density was a major cause of
reduced growth rate for juvenile chinook salmon during a 3-month period of
high population abundance in the Sixes River estuary (Oregon) during 1969.
Bottom (1981) theorized a decline in carrying capacity of the Sixes River
estuary for young salmon in mid-summer 1980 because of increased foraging
pressure when population density was maximum.

To evaluate nutrition, interspecific interaction, and smolt quality,
personnel of the the National Marine Fisheries Service examined the feeding
habits of juvenile salmonids in the upper freshwater reach of the Columbia
River estuary at Jones Beach (RKm 75) from 1979 to 1983.

Specific objectives were as follows: (1) document feeding rates (using
stomach fullness as an index) and diet composition for juvenile chinook and
coho salmon and steelhead, (2) identify those stocks with a large percentage
of non-feeding individuals indicated by low stomach fullness values, (3)
examine effects of interspecific interaction on feeding, (4) establish a
relationship between visual quantifications of fullness and stomach content
weights, and (5) compare stomach content weights for juvenile fish at Jones
Beach to those in other locations.

Differences of stomach fullness between fish from various stocks captured
at the same time (i.e., fish experiencing similar food availability and
digestion rate) are directly related to differences in feeding rate. The
amount of food in a fish's stomach at any point in time is related to food
consumption and digestion rates (Elliott and Persson 1978; Dill 1983).
Digestion rate is controlled primarily by temperature (Elliott 1972) and by
the composition of the food organisms (Elliott and Persson 1978).
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Table 37 .--Dates of migrational peaks for juvenile salmonids at Jones Beach
indicating migrational overlap, 1977-1983.

91Week of peak migration
-------------------------------------------------------

Chinook salmon--------------------- Coho Steelheadc_/

b_/ c_/ c_/
Year subyearling yearling s a l m o n

-------------------------------------------------------------

1977 21-27 May

1978 ll-17June

1979 2-8 July

1980 11-17June

1981 6-10June

1982 ll-17June

1983 4-10June

-- --

7-13May       14-20May

14-20May    28May-3June

7-13May 14-20May

7-13May     14-20May

21-27May 21-27May

14-20May 21-27May

--

14-20May

14-20May

7-13May

7-13May

21-27May

21-27May

g/ From the date of median fish recovery; not adjusted for
river flow,

b_/ Timing based on beach seine catches.
c_/ Timing based on purse seine catches.
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Methods

Salmonids sacrificed for CWT identification were used in feeding behavior
evaluations. Mark release information was used to separate species and year
classes of sampled fish. Subyearling chinook salmon are predominantly fall
and summer races, whereas yearling chinook salmon are predominantly a spring
race (Van Hyning 1973).

Stomach Fullness .--The subsamples of CWT fish were killed by immersion in
a lethal concentration of ethyl p-aminobenzoate. Regurgitation during the
killing process was not apparent. Stomachs were excised (esophagus to pyloric
caeca) and cleaned of external fat (Appendix Tables B2-5). In 1979, stomach
were classified as full, partial, and empty. A fullness value was assigned to
represent the proportion of the total stomach length containing food
(externally visible) . A l-7 scale was used to quantify the fullness
observations as described by Terry (1977): 1=empty , 2=trace of food, 3=one
quarter full, 4=half full, 5=three quarters full, 6=full, and 7=distended
full. Stomachs appearing empty were opened for examination, and the Value 2
assigned when traces of food were observed. For analysis, stomachs judged
empty or trace ( 1 or 2) were termed non-feeding. Observations of stomach
fullness were made from 3,500 to 6,000 juveniles annually, and subsamples of
stomachs containing food were individually preserved in 10% buffered
formaldehyde solution for weight measurements and content analyses (Appendix
Table B6).

Records included: recovery date and location, net set time, fish
weigh1_0_/and fork length (_+ 0.5mm), fullness value, holding time (duration
between capture and fullness observation), and tag identification information
(Appendix Table B7).  Holding time prior to fullness observation was
approximately 90 minutes1_1_/ .

Intraspecific comparisons of the proportions of non-feeding individuals
within mark groups were made using the G-statistic--a log likelihood
modif ication of Chi Square (Sokal and Rohlf 1981). Comparisons of stomach
fullness means for fish groups with few non-feeding fish were made using
analysis of variance. Generally, comparisons were not made for groups with
more than 7 days between dates 12/of median fish capture.- Similar or
replicate tag groups, showing no significant differences (P<O.O5) of mean
fullness, were combined for comparison to other groups. When signif icant
differences were found among three or more groups, the Student’s t-test was
used to isolate differences and the significance level of t was adjusted to

1_0_/ Weights of fish were obtained only for individuals collected in 1981,
1982 (_+ 0.5 g), and 1983 (_+ 0.005 g).
1_1_/ Holding times were kept as low as possible by selecting only fish that
were processed soon after capture. Times were recorded for individuals
examined in 1981 (after April), 1982, and 1983.
1_2_/ Median data for stomachs observed may not correspond to the recapture
date of the median fish for the entire tag group due to non-representative
subsampling required to minimize holding times of the fish selected for
stomach observations.
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P_<O.O5/K; where K = number of means in the original F-test    (Kleinbaum and13/

Kupper 1978).

Frequency curves of fullness value were developed for all discrete marks
with seven or more recoveries. Ninety-five percent confidence intervals of
mean stomach fullness values were plotted for each species by 3-day intervals
(all tag groups combined); however, the data are not necessarily
representative of the total migrant population during the time period
depicted.

Diet Composition and Overlap ,--Organisms were identif ied to the lowest
practical taxon; insects were further separated by metamorphic stage. When
dismembered prey were present, parts were weighed together, and counts were
based upon the number of head capsules present. Weight of unidentifiable
material was not included in the total weight used for ranking relative
importance in the diet. Frequencies of occurrence (FO), numbers, and weights
were recorded for each prey taxon (Appendix Table B8). Non-feeding fish were
omitted from analysis. The index of relative importance, IRI (Pinkas et al.
1971) was modif ied to rank each taxon (IRI’ ) :

IRI ' = %W X %FO

where %W = percent of the total content weight from all stomachs

%FO = percent frequency of occurrence of all salmonids which

contain the designated taxon.

The modified IRI’ was used to decrease bias resulting from large numbers
of small food items (MacDonald and Green 1983). Percent IRI’ from the total
IRI’ is presented.

The degree of interspecific dietary overlap was assessed using biomass of
food categories consumed using the formula developed by Morisita (1959) and
modified by Horn (1966) :

1_3_/- The adjustment of the significance level is required to stabilize the
standard error without increasing the probability of a Type I error for
aposteriori comparisons among individual means.
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with

2 “c X’Y
i=l i i

CA =

Where: Ch =

i =

s =

X and Y =

S 2 s 2
cx+ CY
i=l i i=l i

overlap coefficient

individual food category

total number of food category

proportion of the total diet, for fish species X or Y,
contributed by food category i.

Only food categories making up more than 1% of the total weight consummed were
for overlap calculations (Myers 1979). Values of C range from 0 to 1,
0 indicating no overlap and 1 indicating complete diet overlap.

Proximate Analysis. --For each fish species, proximate analyses of stomach
contents (percentage of protein, ash, and fat) were obtained from pooled
subsamples collected in May and June 1982. Analyses were contracted to a
private laboratory.

Stomach Content Weight.--In 1982, stomach contents from about half of all
marked fish were removed, blotted dry, and weighed to the nearest 50
micrograms; 2,480 total. All weights were obtained within 4 months of
capture.
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Non-Feeding Juveniles 1979-1981 and Some Effects
from the Eruption of Mount St. Helens

This portion of the report focuses on the definition of the range of
stomach fullness in samples taken throughout the spring migration and
identification of biological and environmental factors which appear related
to high incidences of non-feeding. Fish groups used in the analysis were
released in diverse areas of the Columbia River basin (Fig. 41).

In March-June 1979, 1980, and 1981, water temperatures at Jones Beach
ranged from 8° to 16°C, and later in the summer increased to 21°C. In
July-September, high water temperatures and long holding times possibly
compromised the validity of stomach fullness observations (Elliott 1972).
Presentation of fullness observations for groups captured after June of
each year is limited to coho salmon captured in early July, which were
processed more rapidly (about 60 minutes).

The majority of juvenile salmonids were feeding when they entered the
estuary (Fig. 42). In both 1980 and 1981, steelhead had the lowest average
fullness values (2.8 and 3.1) and coho salmon the highest (4.1 and 3.9).

The eruption of Mount St. Helens produced a deluge of debris that
arrived in the river at Jones Beach after daily sampling was complete on 19
May 1980. Turbidity in the river rose to 3,000 Jackson Turbidity Units

determine
(JTU) which was 500 times normal turbidity.1_4_/ In attempting to

the effect of this severe turbidity on feeding behavior of

salmonids entering the estuary, species, stock, release location, and
timing of releases had to be carefully considered because data from various
release groups indicated all of these factors could have a bearing on
indices of stomach fullness.

Subyearling Chinook Salmon .--Trends of changing stomach fullness during
the migrations were not observed, however, the percentage of empty stomachs
in subyearling salmon during late May and into June 1980 increased with the
onset of the turbid water. A sudden increase in percentage of non-feeding
fish was not observed in late May 1979 or 1981 (Fig. 43).

Observations from subyearling chinook salmon released at Abernathy
Salmon Culture Development Center (SCDC) were omitted from computations of
non-feeding fish shown in Figure 43 because Abernathy fish showed a
non-feeding characteristic, unrelated to the eruption. In 1980 and 1981,
Abernathy fish had significantly higher proportions of non-feeding
individuals (51 and 44%) than other fish groups captured during similar
periods--O and 9%, respectively, for Spring Creek Hatchery and Stayton Pond
fish in 1980 and 10 and 5%, respectively, for Spring Creek and Bonneville
Hatchery fish in 1981 (Figs. 44 and 45). We believe the high percentage of
non-feeding individuals among fish from Abernathy SCDC was associated with

14/- Measurements adjacent to or 3 km downstream from the mouth of the
Cowlitz River (RKm 106); collected by Robert McConnell, NMFS, P.O. Box 155,
Hammond, OR 97121.
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the close proximity of the release site (RKm 91) to the recovery site
(RKm 75).

Individual stocks of subyearling chinook salmon had high percentages
of non-feeding individuals following the eruption. Prior to the increase
in turbidity from the eruption, 3% of the Stayton Pond fish captured were
not feeding (n = 34), compared to 21% after the eruption (n = 19)--median
recovery date at Jones Beach was 19 May, 11% non-feeding (n = 54) (Fig.
44). No other group allowed direct before and after comparisons, but some
groups passing Jones Beach following the eruption showed high proportions
of non-feeding individuals. Spring Creek Hatchery fish released downstream
from Bonneville Dam had 30% non-feeding individuals and Bonneville Hatchery
fish (production and diet study) had 21 and 24% non-feeding individuals,
respectively; similar groups in 1981 had 10% non-feeding individuals (Figs.
44 and 45).

By early June 1980, food consumption by subyearling chinook salmon
increased toward average fullness levels observed in the pre-eruption
period and in the following year (Fig. 42), even though water turbidity
during June and July (35 to 130 JTU) remained substantially higher than
normal. Fish captured during June and early July 1980 were primarily fish
from Klickitat, Oxbow, Lower Kalama, and Little White Salmon Hatcheries.
The non-feeding percentages for these groups were: 10, 11, 23, and 26%,
respectively, compared to 9%, no marked group to compare, 24, and 8%,
respectively, in 1981 (Figs. 44 and 45). Only fish from Little White
Salmon Hatchery had significantly more non-feeding individuals in 1980 than
in 1981.

The high percentage of empty stomachs in early May 1981 (Fig. 43)
primarily resulted from an unexplained high percentage of non-feeding fish
(27%) from Spring Creek Hatchery (0% for a similar release group observed
in 1980).

Yearling Chinook Salmon.--Percentages of non-feeding individuals in
marked groups of yearling chinook salmon varied between years, unrelated to
proximity of the release site or effects from the eruption. In 1980,
migrants which passed Jones Beach from March through mid-April had lower
stomach fullness values than later migrants.

From mid-March to mid-April 1980, tagged yearling chinook salmon had
significantly higher numbers of non-feeding fish than in 1981 (Fig. 42).
In 1980, these fish originated from South Santiam (two groups), Bonneville,
Oakridge, and McKenzie Hatcheries. The percentages of non-feeding fish in
each group were 45, 33, 37, 24, and 40%, respectively. In 1981, although
sample numbers were less, only the Cowlitz Hatchery group had comparable
numbers of non-feeding fish (31%); McKenzie and Oakridge Hatchery groups
had only 6 and 14% non-feeding fish, respectively (Fig. 46).

From late April to early May 1980, the aggregate fullness values of
yearling chinook salmon increased (Fig. 42) and percentages of non-feeding
fish for most groups decreased (Fig. 46). Yearling chinook salmon from
Round Butte, Carson, and Warm Springs Hatcheries had 12, 11, and 18%
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non-feeding individuals, respectively. One exception was Kooskia Hatchery
fish released below Bonneville Dam which had 27% non-feeding fish. During
the same period in 1981, fish from Marion Forks (South Santiam stock),
Rapid River, and Round Butte Hatcheries had 3, 0, and 10% non-feeding
individuals, respectively. In 1981, two groups had a high percentage of
non-feeding individuals: Marion Forks (Carson stock) and Warm Springs
Hatcheries-- 26 and 28% non-feeding, respectively. During this period in
both years, the high non-feeding rates could not be linked with
environmental conditions (turbidity, water temperature, and water flow),
biological, or migrational characteristics (fish health, stock differences,
distance of migration, and release site).

From late May through June 1980, after the eruption of Mount St.
Helens, too few tagged yearling chinook salmon(12) were captured to
evaluate differences in food consumption [the migratory population normally
decreases during that period (Dawley et al. 1982)]. In 1981, one group
from McCall Hatchery was captured during late May/early June, and it had
18% non-feeding individuals (Fig. 46).

Coho Salmon .--Coho salmon generally had the fullest stomachs of the
three salmonid species. It was unusual to observe greater than 10%
non-feeding coho salmon within any population in 1980 or 1981 (Fig. 47).
There were no significant differences in the percentages of non-feeding
fish among groups recovered in mid-May 1980 or 1981.

Shortly after the eruption, three groups of coho salmon from Willard
Hatchery showed significantly greater percentages of non-feeding fish than
earlier migrants. Percentages of non-feeding fish were 95, 21, and 17%,
respectively, for releases made at Beaver Terminal (RKm 84), downstream
from Bonneville Dam (RKm 230), and at the hatchery (RKm 268). The close
proximity of Beaver Terminal to Jones Beach undoubtedly allowed
insufficient time for the fish to begin feeding prior to capture (all
captured within 2 days). Excluding Beaver Terminal fish, the non-feeding
percentages for these groups in 1980 were about double that of any other
group in 1980 or 1981, which suggested that food consumption by these coho
salmon was adversely affected by the eruption.

By mid-June 1980, food consumption by coho salmon returned to
pre-eruption levels (Fig. 42).

Steelhead .--Steelhead had the lowest average fullness values of the
juvenile salmonids (Fig. 42). Percentages of non-feeding fish within
marked steelhead groups was almost always greater than 25% in 1980 and 1981
(Fig. 48). Dworshak Hatchery fish that were barged to a release site
downstream from Bonneville Dam in 1980 had significantly higher numbers of
non-feeding fish (73%) than controls which migrated from Dworshak Hatchery
(34%). We suspect that the short time between release at Bonneville Dam
and recovery at Jones Beach (88% captured within 3 days) was insufficient
for fish to develop aggressive feeding behavior in the river environment.

No single group of steelhead was captured in large numbers following
the eruption in 1980, but 59% of the 34 tagged fish observed were not
feeding.
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Diet of Subyearling Chinook Salmon and Effects of the
Eruption of Mount St. Helens

This portion of the report documents the diet of subyearling chinook
salmon at the upstream extremity of the estuary (RKm 75) from 1979 through
1982 and discusses the impact of the eruption of Mount St. Helens on that
diet.

The stomach contents from 492 subyearling chinook salmon collected from
March through June of 1979-1982 and 74 collected from July through September
1980 were examined. Data from each year were grouped into 14-day intervals.
The l4-day intervals were selected to separate pre-eruption from post-eruption
(excessive turbidity) sampling periods at Jones Beach. Comparisons between
years were limited to the March-June period.

During March-June, 1979-1982, Insecta and Crustacea comprised the major
food items found in subyearling chinook salmon--54 and 41% IRI', respectively
(Table 38). The most important order of insects was Diptera, 16% IRI';
however, unidentifiable Insecta represented 35% IRI'. The most important
crustaceans were Amphipoda and Cladocera, which represented 19 and 13% IRI',
respectively. Mysidacea were important only in 1982 (32% IRI'). In July
1980, insects were the most important source of food (62% IRI'), but during
August and September of that year, Cladocera became the most important
constituent of the diet, about 94% IRI' (Table 39).

Insecta.-- Insectaa were of major importance in the diet March-June in all
years, particularly in 1981 (85% IRI'; Table 38) when the availability of
amphipods appeared to be limited.

The types of insects found in the stomachs showed no apparent differences
between years, consequently the data for all years were combined by 14-day
periods (Table 40). Diptera were the most numerous insects identifiable to
order--80.8%. There was no seasonal pattern of Diptera consumption for the
various metamorphic stages; frequencies of larvae, pupae, and adults were
similar. Homoptera and Hymenoptera (mostly adults) were the next most
numerous insects--4.7 and 3.7% of the total insects, respectively. Insects
representing 10 additional orders were identified; however, each represented
less than 3% of the total insect count.

Crustacea. --The consumption of amphipods varied from year to year. In
1979, peak consumption of amphipods occurred in late March-early April (71%
IRI') and in June (85% IRI') (Fig. 49). In 1980, an early April peak at 39%
IRI' was apparent; however, the June peak observed in 1979 was not repeated in
1980 after the eruption when the IRI' was only 6%. In 1981, minimal amphipod
consumption was observed, averaging 3% IRI' March-June. In 1982, amphipods
again increased in importance with peaks in early April (33% IRI') and in June
(20% IRI'). Meyer et al. (1981) observed a similar bimodal peak of amphipod
consumption by juvenile chinook salmon in the lower Duwamish River,
Washington.
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Table 38 .--Percent modified index of relative importance (IRI')a_/ of diet
items identified in stomach contents from subyearling chinook
salmon captured at Jones Beach,
1979-1982.

Oregon (RKm 75); March-June,

Diet item 1979 1980 1981 1982 Average

Insecta

Unidentifiable

Diptera

Misc. Insecta

Total

Crustacea

Amphipoda

Cladocera

Mysidacea

Misc. Crustacea

Total

Miscellaneous total 4 8 3

38

6

2

46

40

8

2

0

50

33

12

3-     -   -

48

54

27

4

85

16 2

25 8

1 1

2 1- -

44 12

14 35

18 16

5       3

37 54

17 19

9 12

32 9

0 1- -

58 41

5 5

a_ / IRI' = weight x % frequency of occurrence.
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Table 39 .--Percent modified index of relative importance (IRI’)a_/’ of food
items identified in stomach contents from subyearling chinook
salmon captured at Jones Beach (RKm 75); 1 July to 8 September
1980.

Diet

Total Insecta

Diptera

1 Jul 15 Jul
to to

14 Jul 28 Jul

57 68

24 24

29 Jul
to

11 Aug

9

5

12 Aug
to

25 Aug

2

0.8

25 Aug
to

8 Sep

0

0

Total Crustacea 41 32 91 98 100

Cladocera 35 18 87 96 99

Miscellaneous prey 2 0 0 0 0

a_/ IRI’ = % weight x % frequency of occurrence.
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ble 40.--Insect orders and percent of total insects observed in stomach contents from
subyearling chinook salmon during 14-day intervals, 25 March to 30 June 1979-1982.

Date interval
25 Mar 8 Apr 22 Apr 6 May 20 May 3 Jun 17 Jun Average

to to to to to to to of
sect order 7 Apr 21 Apr 5 May 19 May 2 Jun 16 Jun 30 Jun intervals

Percenta_/

llembola

hemeroptera

onata

ecoptera

ocoptera

sanoptera

diptera

noptera

eoptera

choptera

idoptera

tera

enoptera

Total no.
insects

Total no.
stomachs

4.1 4.8 1.5 0.3 1.2 0.9

7.8 2.6 4.8 2.3 1 .o 1.3

0.0 0 .o 0.0 0.0 0.1 0.0

0.0 0.0 0.5 0.0 0.0 0.9

0.0 0.0 0.2 0.0 0.0 3.6

0.0 0.0 0.1 0.0 0.2 0.0

3.8 1.1 0.3 0.0 0.1 0.0

0.0 0.6 15.4 2.3 4.1 7.0

4.0 2.2 3.2 2.4 3.2 3.4

1.4 0.5 0.5 0.4 0.0 0.0

1.3 0.0 0.2 0.2 0.0 0.4

75.4 83.5 69.8 91.3 81.7 79.0

2.6 4.2 3.2 1.3 8.1 3.9

1.1

0.0 2.8

0.0

0.0

8.1 1.7

0.1

0.1

3.2 4.7

0.5

0.2

0.2

84.8

2.3

2.0

0.0

0.2

0.1

0.8

2.7

0.4

0.3

80.8

3.7

77 180 589 604 836 240 918 3,444

44 58 102 78 71 65 74 492

Percent of total number of insects identified.
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Three species of Amphipoda were found in the stomachs: Corophium
salmonis, C. spinicorne, and Eogammarus confervicolus. Diet composition after
the eruption (Table 41) indicated that the population of C. salmonis was more
severely reduced than that of the other two species. Before the eruption,
C. salmonis comprised 74% of all amphipods identifiable to species, compared
to 38% after the eruption. A substantial reduction of C. salmonis in the diet
of juvenile salmonids following the eruption was also-observed in the lower
Columbia River estuary by McCabe et al. (1981) and Emmett (1982). The greater
reduction of C. salmonis could be a function of different substrate
requirements (Hazel and Kelley 1966; Chang and Levings 1976; Brzezinski and
Holton 1981; Turk et al. 1980; Turk and Risk 1981; Meyer et al. 1981; Albright
1982; Wilson 1983). Brzezinski and Holton (1981) found that amphipod
abundance (primarily C. salmonis) was decreased after the eruption in areas of
the estuary that had a benthic layer of ash.

In the Columbia River estuary,
(Davis 1978; Wilson 1983).

C. salmonis exhibit a bivoltine life cycle
The previous fall generation produces a spring

brood in May which matures throughout the summer and subsequently produces a
fall brood. It appears that the 1980 spring brood, upstream from Jones Beach,
was disrupted by the heavy deposition of sediment from the eruption.
Substrate characteristics created upstream from Jones Beach appear to have
inhibited the recovery of the amphipod population in 1981 as well, as
indicated by their low percent IRI' in the diet of subyearling chinook salmon.

In March-June, Cladocera were of major importance in the diet only during
1980, averaging 25% IRI' (Table 38). Coincident with the decrease of
amphipods (Fig. 49), the consumption of cladocerans increased sharply
following the eruption. In other years, consumption of cladocerans in
March-June was greater than 10% IRI' during only one 14-day interval each
year: 56%, 22 April-5 May 1979; 51%, 17-30 June 1981; and 5 8 %  3-16 June
1982. In August and September 1980, cladocerans were the major item in the
diet (Table 38). Craddock et al. (1976) observed that cladocerans were an
important portion of the diet for chinook salmon captured during
August-October in the Columbia River at RKm 118.

Mysids (Neomysis  mercedis) were rare except in 1982 when they were the
dominant food from mid-April to mid-May.

Fluctuations in the abundance of cladocerans and mysids in the diet was
apparently unrelated to effects from the eruption (Fig. 49). Cladoceran
populations are known to exhibit extreme variability in their seasonal and
annual abundance (Ward and Whipple 1918; Pennak 1978). N. mercedis abundance
and distribution has been associated with a number of environmental factors
including salinity, temperature, dissolved oxygen, light, and river flow
(Hopkins 1958; Heubach 1969; Orsi and Knutson 1979; Siegfried et al. 1979,
1980). However, extreme variations in population abundance from one year to
the next,unrelated to environmental changes, have been reported (Hopkins
1958; Turner and Heubach 1966; Heubach 1969). It is possible that increased
mysid availability in 1982 masked the true extent of amphipod recovery.
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Table 41 .--Amphipod  species and percent of total amphipods observed in stomach
contents from subyearling chinook salmon before and after the
eruption of Mount St. Helens--March-June, 1979-1982.

Species

Before
a_/eruptioh

(%)

Corophium salmonis 74 38

Corophium spinicorne 22 45

Eogammarus confervicolus 4 17

a_/ 25 March 1979 to 19 May 1980.

b_/ 20 May 1980 to 30 June 1982 (excluding data from July to September 1980).
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Miscellaneous Prey.--Fish larvae (Osmeridae) were of minor dietary
importance in late March and early April 1979 and 1980, 6 and 15% IRI'.
respectively; none were present in 1981 or 1982.

Immediately following the eruption (20 May-2 June 1980), consumption of
plant material increased from 0 to 12% IRI'. Relatively high consumption of
plant material also occurred from 25 March to 8 April in 1980 and 1981, 9 and
17% respectively, and from 6 to 19 May 1982, 10%.

Geographical Differences.--From March through June, during years prior to
the eruption, subyearling chinook salmon captured at Jones Beach consumed
similar proportions of insects and amphipods, whereas upstream from Jones
Beach in the reservoir of McNary Dam (RKm 470-521),  fish consumed insects and
cladocerans (Fairly1_5_/), and further upstream in the free flowing Hanford
reach (RKm 591-629) fish consumed primarily insects (Becker 1973). Fish
captured downstream from Jones Beach (RKm 4-40) consumed primarily amphipods
(Durkin et al. 1977, 1981).

Feeding Characteristics of Juveniles Entering the Estuary

This portion of the report focuses on the examination of feeding rate
differences between stocks, species interaction, dietary overlap, and
comparisons to other geographical areas. Proximate analysis of stomach
contents are also presented.

Stomach Fullness Comparisons.-- Differences in mean fullness for groups
captured in 1982 and 1983 (Fig. 50) were evaluated statistically and some
differences were related to biological or release characteristics.
Researchers familiar with groups exhibiting increased or decreased rates of
food consumption may be able to make additional correlations.

1. Subyearling chinook salmon: Subyearling chinook salmon were captured
in all months of the year, and tagged fish showed great variability in mean
fullness (Figs. 51-53). In 1982 and 1983, during peak migration (May and
June), the majority of fish captured had higher fullness values than fish
captured in 1980 and 1981 (Fig. 42).

Temporal trends in variation of stomach fullness between years (1980-83)
are not apparent, but fish from three different culture stations and wild fish
exhibited variations that were apparently related to rearing environment,
release site, or pre-release disease incidence.

A higher feeding rate was observed for fish from Stayton Pond which may
be a result of the earthen pond environment. In 1982, the mean fullness value

1_5_/ R. Fairly, U.S. Fish and Wildlife Service, National Fishery Research
Center, Willard Substation, Star Rt., Cook, WA 98605; pers. commun.
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for the Stayton Pond fish (5.0, early migrants) was significantly higher than
that for fish from Spring Creek Hatchery (4.0) Fig. 54. In 1983, the mean
fullness value for the Stayton Pond fish (4.8) was significantly higher than
Bonneville Hatchery diet study fish (3.8) and higher (not significant) than
Little White Salmon Hatchery fish (4.4) (Fig. 55). In 1980 and 1981, higher
than average feeding rates were also observed from Stayton Pond fish.
Estuarine recovery percentages for Stayton Pond fish (1980-1983)  showed no

but adult return rates appear substantially

As mentioned previously, fish from the Abernathy Salmon Culture
Development Center (SCDC) have a low feeding rate when captured at Jones
Beach. We believe that the lower feeding rate for these fish is associated
with the short time period between release and recapture at Jones Beach;
release site is 16 km from Jones Beach1_7_/.In May 1982, fish from Abernathy
SCDC had significantly lower mean fullness value than fish from Spring Creek
Hatchery and two groups from Bonneville Hatchery (2.9 versus 4.0, 3.7, and
3.8, respectively).

During November and December 1982, one of four tag groups released from
Bonneville Hatchery had a significantly lower mean fullness value (Fig. 55)
which probably resulted from factors affecting the fish during hatchery
rearing. The lower river stock (tule) reared in well water (mean fullness
2.6) had a high pre-release mortality and were in poor health at release
(Hansen1_8_/, whereas tule stock reared in Tanner Creek water, upriver late
fall stock (bright) reared in Tanner Creek water, and bright stock reared in
well water were unaffected by disease (mean fullness 3.1, 3.1, and 3.3,
respectively).

In 1983, over 200 tagged wild fish from the Lewis River (seined, tagged,
and released same day) were captured and their stomach fullness observed at
Jones Beach (Fig. 55). The dates of median fish recovery for the two tag
groups were outside of the 7-day range used for comparing mean fullness values
with other groups; however, the wild fish appeared to feed at a similar rate
as most cultured fish captured during the same months. An exception, however,
was a comparison with fish reared at the Cowlitz Hatchery; where changes,

1_6_/ W. Day, Oregon Department of Fish and Wildlife, 17330 S.E. Evelyn St.
Clackamas OR; pers. commun.
1_7_/ In 1980 and 1981, fish from Abernathy Hatchery had 51 and 44% non-feeding
fish compared to 24% in 1982. Non-feeding rates among these 3 years are
significantly different (P < O.Ol), but mean fullness values were not
significantly different (range 2.90 to 3.10; P < 0.05). Diseases incurred
during culture also may have increased the proportion of non-feeding fish
observed in 1980 and 1981 (L. Fowler, U.S. Fish and Wildlife Service,
Abernathy Salmon Cultural Development Center, 1440 Abernathy Road, Longview,

98632; pers. commun.
1_8_/H. Hansen, Oregon Department of Fish and Wildlife, 17330 S. E. Evelyn
St.,, Clackamas, OR, pers. commun.

164



SUBYEARLING CHINOOK SALMON 1992 

SPRING CREEK SPRINGCREEK 
March IIIcaY out ll”d” 
19 ADlll 16 Aor, 
L:800 
” 88 

m&o 

f. 39 T~19 

SPRING CREEK 
Aprd ,d,a. 
II 4\0,,1 
m;4 

r=,, 

BONNEWLLE 
AmI ICIL.Y 

SPRING CREEK 
at “ma,,ll. RWU 
ca MW 
c=BsI 
~-100 
t-.1 

0% wa” 
z -810 
LT.168 
I.18 

1461 

ll!d!l 

BONNEVILLE ,t “m*tdl* Rwer IO MW i-865 “‘91 1-.0 

ill 

40 

30 

20 

10 

L!!J!k 

STAYTON POND SPRINGCREEK ABERNATHY EoNNE”1LLE BONNEVILLE 80NNEVILLE 
ccmtrlhtmn Tul. ,80,lb.l T”l. 1511lb.l met lUd” 30 M.” i-911 n-110 1.29 ,531 

i!!L : 
LITTLE WHITE SALMON KLICKITAT BONNEVILLE 

aJ collo‘~brtm Productlo” Brqhtr ,79/b., 

pl ,un 
L-B?. 
fi. 1.5 
1-31 

IL!& 

M ,““a ::p 7.18 
in 

10 Jun. 

I::: 
7i.P 

r!h 
HAOERMAN 
R.l*aw 111es 
21 ,un. 
i- 11.55 
1.;; 

'k 

SrIYTON POND OXBOW 
“atchw” e”II”.tiO” I.*,* mcyn*s 

‘9 Jun. 
b;:“’ 

i-a.2 

r 

: !:.‘;,““2 

” 

u 

Y 

L 

LOWER KAl.AMA 

n - 193 
T-.3 

Productlo” 

; 40 (441 
” 

:: 30 

-L!!h 

0 20 

: 10 
: 

; 

13 June 
L-820 
c= 119 

PRlEST RAPIDS 

1.41 

l!l 

Pmducmn 

15 Jun. L-w. ;-:y 

L!!i 
KALAMA FALLS 
Prod”stlDn 
09 NV 
i-740 
n- 135 
I-42 

WASHOVGAL 
Prod”ctlon 
18 24” 

: : :;zl 
i=42 

COWLITZ 
Prod”cwm 

BONNEWLLE 
A”(“,, ,.,*.%a 
:’ h”; 
n -91 
i-42 
r 

28 ,vnr 
L-708 

Y-i:” 
40 = 

30 

20 

10 

in 

19 ,unr i- loI e ,4” 
to 

20 hl” 
L - 80.1 
n-544 
‘.., 

l- 

l!u!L 
1734567 1234567 

r 

BONNEVlLLE 
Normk.ril”l, 
II NO”mrM, 
i-t.50 
8 = ID9 
b26 

BONNEVILLE 
b”.l7lLW,T”l, 
1 I NOCrnl*I 
i = 1.80 
m= 106 
t-3, 

BONNE”,LLE 
NO”.~trdb.,pht, 
10 NO”e”acl 
i.1450 
1 : 94 
1.31 

40 
1441 

30 

20 

10 

l!L 
1234567 

(521 
I!!& 
1234567 

,561 

t’\ 
1234567 

FULLNESS VALUES 

1 - Emw, stomach 
2 - TI.C. cd good 
3 - ouww tu,, 

I.9, 

l!!!L 
1234567 

Stomach fullness 

Figure 54. --Stomach fullness frequency curves for tag groups of subyearling 
chinook salmon captured at Jones Beach during 1982. Source, 
study descriptor, date of median fish recovery, mean length 
bd, number observed, and mean fullness value are included. 

165 



SUBYEARLING CHINOOK SALMON 1993 

SPRING CREEK BONNEVILLE 
Diit rcudv Diet study 

Y-t% 
; ‘G 

4of 

30 

20 

10 

L 

PRIEST RAPIDS 
Production 
19 June 
i-96.5 

40 e-i," 
- (431 

30 

20 
5 
zi 
y 10 

ii 

E lb 
c 

1OMn 
L - 83.5 

?::i’ 

L!l 
. . 

BONNEVILLE 
Trmsport control 
g2 Julv 

: : x: 
i-4.3 

STAYTON POND 
Contribution 
16 MDV 
L-8.8 
” - 62 
‘-46 

LITTLE WHITE SALMON ROUND BUTTE 
Subyearling spriw Subyearling rpriws 
21 Mw 01 June 
; d$‘-’ F: gs.9 

i-4.4 r- 3.4 

BONNEVILLE 
at Vwnitl Bridg* 
~ Julv 
L- 11.3 
n-47 
iB3.8 

(57) 

t!!u 
..: 
:. 

HAGERMAN 
Subyruling springs 
06 Julv 
L * 131.0 

? : J’: 

c t COWLITZ PRIEST RAPIDS LEWIS RIVER LEWIS RIVER BONNEVILLE 
a Production Wild stock Wild stock Wild rtack August release 

P.J:b’. p ^d;9;” f’*Auu:t x 08 JULY 
k:$? ‘0 

5 r 39 

F. 4ot- 

(8 Julv 
L. ,173 n.86 r.40 

r 
“. .~ 112 .-.. 
r.45 

r 
; 130 
1.43 

r 
. .“S... 
n - 19 
i da 

r 

?p$+J-JQ~ 
12345671234567 

WASHOUGAL 
Augu,, rellaw 
ya S.,,trmbrr 
L- ,070 
“‘115 

40 
i-49 

30 

20 

10 

Ill2 
1234567 

WASHOUGAL 
Oclober rehlC 
22 0crou.r 
I-,,91 
” - s3 
f-46 

1234567 

WASHOUGAL 
Norember relealc 
03 Novrmwr 
i 1223 
n , 69 
T. ,.2 

(551 

&ii, 

1234567 

Stomach fullness 

FULLNESS VALUES 

1 - ErnPl” ‘IDrn.Ch 
2 - Tr&a of food 
3 - Ouartrr IdI 

5 - Thwc qu,twrs full 

7 - Dmrndtd 
Shaded - Not mtmg 

wk~n umutcd 
Unrtmdrd - Emng 

when umurtd 

Figure 55. --Stomach fullness frequency curves for tag groups 
of subyearling chinook salmon captured at Jones 
Beach, 1983. Source, study descriptor, date of 
median fish recovery, mean length (mm), number 
observed, and mean stomach fullness value are 
included. 

166 



within the time period of migration, in condition factor, amounts of visible
body fat, and fullness value indicated that the wild fish were better
utilizing the available food resources.

Other fish groups showed significant differences in mean fullness
values. In 1982, Bonneville Hatchery diet study fish (tule stock) had a
significantly higher mean fullness value (4.2) than that for two tule stock
production release groups (3.7 and 3.8, Fig. 54). In 1983, Bonneville
Hatchery diet study fish had a significantly lower mean fullness value (3.8)
than Spring Creek Hatchery diet study fish (4.2) and the Stayton Pond fish
(Fig. 55). In 1982, Hagerman Hatchery fish had a significantly lower mean
fullness (3.7) than fish from Lower Kalama Hatchery (4.1). In early July
1983, fish groups from Hagerman, Bonneville (transport and control groups),
Cowlitz, and Little White Salmon Hatcheries had significant differences among
mean stomach fullness values (range 3.1 to 4.4, Table 42). Differences of
race and size affect this comparison, i.e., the fish from Hagerman and Little
White Salmon Hatcheries were spring chinook salmon and the others were fall
chinook salmon; mean fork lengths at recovery ranged from 88 to 133 mm.

2. Year1 ing chinook salmon: Fish captured from March through April
generally had low fullness values (Figs. 51 and 52). To interpret the feeding
behavior during January to early May, we divided the 1980 to 1983 fullness
data into two groups: fish released from hatcheries in the fall that
overwintered in the river sys t e m (residual), and those released during March
(Fig. 56). Residual fish fed consistently throughout recovery, and mean
fullness values (3-day averages) showed insignificant (P<O.lO) correlation to
recovery dates (correlation coefficient, r = 0.37). The overall mean fullness
value for residual fish was 4.2 (n = 149; date of median fish recovery =
2 April). Fish released in the spring did not feed consistently throughout
the recovery period and showed significant (P<O.OOl) positive correlation
between mean fullness values (3-day averages) and dates of recovery (r = 0.93,
non-linear power curve regression). Spring released fish had predominantly
empty or trace full stomachs during March, with gradually increasing mean
fullness thereaf ter; overall mean fullness was 2.8 (n = 376; date of median
fish recovery = 1 April). High proportions of non-feeding yearling chinook
salmon were recovered from releases in March 1982 at Oxbow Hatchery (41%) and
Bonneville Hatchery in 1982 and 1983 (61 and 66%, respectively);
Figure 571_9_/  The proportion of non-feeding fish was highest for initial
catches and decreased with time after release.

1_9_/ In 1983, a second mark group released from Bonneville Hatchery on 23
March had 31% non-feeding fish; although only 13 were examined and there was
no significant difference from the earlier group. The two Bonneville releases
were different stocks (tule and bright, respectively). In 1982, these two
stocks were released on the same date (17 March) and had similar numbers of
non-feeding fish (tule = 58%, bright = 64%). Time of release in the spring
may affect feeding rate for yearling chinook salmon.
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Table 42.--Comparison of mean stomach fullness for different marked groups of subyearling chinook
salmon captured at Jones Beach in early July 1983.

----------------_---------------------------------------------------------------- ---w-e

Source / Description-----------------------------------------------------------------------------------------------

Hagerman/   Bonneville/                                              Little White Sul.
subyearling @ Vernita Br. Cowlitz/ Bonneville/ subyearling

spring chinook fall chinook fall chinook fall chinook spring chinook

a_/
Date 6 July 5 July 8 July 2 July 6 July

b_/
Mean length 133 114 88 91 111

Number sampled   27 47 490 107 42

Mean fullness     3.1   3.6    3.9    4.3   4.4
c_/ - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - -

z
Significance - - - - - - - - - - - I - - - - - - - - - - -

03

a_/ Date of median fish recovery for individuals with fullness observations.

b_/ Mean fork length (mm) for intire tag group; 7 day average about the date
of median fish recovery.

c_/ Underlined fullness means have no significant difference (P>0.05).-
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Fish captured in May and June generally elicited higher mean fullness
values than those collected in March and early April, but each year there was
a decrease in mean fullness during May (I: = -0.82, -0.69, -0.66, and -0.52,
respectively, for 1980, 1981, 1982, and 1983) (Figs. 51 and 52). This
decreasing fullness trend seemed to occur within mark groups as well as for
the aggregate of all individuals. For example, Warm Springs Hatchery chinook
salmon showed high food consumption in early May with progressively lower
fullness through the month (Fig. 58).

Some fish groups passing Jones Beach in May and June showed significantly
lower feeding rates than others passing during the same period (Fig. 57). In
1982, the mean fullness of fish from Round Butte Hatchery was significantly
lower than that for fish from Marion Forks and Rapid River Hatcheries (2.8
versus 3.9, and 4.0, respectively). Mean fullness for Leavenworth Hatchery
fish was significantly lower than for McCall Hatchery fish (2.9 versus 3.4).
In 1983, mean fullness values of fish from Bonneville and Cowlitz Hatcheries
were significantly lower than means for fish from McKenzie Hatchery (2.5 and
2.0 versus 3.5, respectively).

3. Coho salmon: Fullness values for coho salmon were lowest in 1983
(mean = 3.8) and highest in 1980 (mean = 4.1) (Figs. 51 and 52). In 1980 and
1981, proportions of non-feeding coho salmon did not exceed 10%. except for
fish from Willard Hatchery released shortly after the eruption of Mount St.
Helens.

In 1982, all groups of coho salmon had less than 5% non-feeding fish, but
some groups captured during the same date range had significantly different
fullness means (Fig. 59). Fullness mean for fish from Lower Kalama Hatchery
was significantly lower than that for Cowlitz Hatchery fish, and both were
significantly lower than the mean for Sandy Hatchery fish (3.3, 3.6, and 4.0,
respectively). Fullness means for fish from Eagle Creek and Washougal
Hatcheries were significantly lower than the mean for Cascade Hatchery fish
(3.9, 4.1, and 4.4, respectively).

In 1983, all groups of coho salmon had less than 10% non-feeding fish
except those from Lower Kalama and Cowlitz Hatcheries (14 and 15%,
respectively); Figure 59. Although sample size was small (n = 29), the mean
fullness value for fish from Lower Kalama Hatchery (3.7) was not significantly
different than fish from Washougal (3.9) or Sandy Hatcheries (4.1); it was
significantly lower than Bonneville Hatchery fish (4.7). Cowlitz Hatchery
fish had a significantly lower mean fullness than fish from either Sandy or
Eagle Creek Hatcheries (3.4 versus 4.1 and 3.8, respectively).

4. Steelhead: Fullness values were lowest in 1983 (mean = 2.6) and
highest in 1982 (mean = 3.0; Figs. 51 and 52). In 1982, mark groups captured
during similar time periods showed no significant differences between fullness
means (range 2.7-3.1; Fig. 60). In 1983, Hagerman Hatchery B stock had a
significantly lower fullness mean than fish from Lyons Ferry and Dworshak
Hatcheries (2.1 versus 2.6 and 2.6), but 11 days later mean fullness for
Hagennan A stock steelhead was not significantly different than that of a
second group of Dworshak Hatchery fish (2.3 and 2.6, respectively). In 1982,
Hagennan stock A and B steelhead were captured during similar date periods;
both had fullness means of 3.1.
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5. Interspecific Comparisons: During May, the time period of peak
out-migration, mean stomach fullness of yearling chinook salmon decreased
coincidentally with increased migrants passing Jones Beach, No decrease was
observed for subyearling chinook salmon or the other salmonid species. To
determine if the decline in stomach fullness might show evidence of density
dependence, we correlated daily mean stomach fullness of purse seine captured
yearling chinook salmon to accumulated catch per set (ACPS) of all yearling
salmonids captured in May and June 1980-1983. In all years there was inverse
correlation (r = -0.70, -0.61, -0.60, and -0.37 for 1980, 1981, 1982, and
1983). Fullness values for yearling chinook salmon declined during increasing
CPS in early May and continued to decline as CPS decreased in late May. Only
in 1981 did fullness values increase in June, (Fig. 51); in 1980, few yearling
fish were captured following the 18 May eruption of Mount St. Helens, and in
1982 and 1983 negative slopes for mean fullness values occurred during early
June for all yearling salmonids. In 1983, sufficient numbers of tagged coho
salmon were captured during mid-June to July for analysis. These fish showed
increased feeding during months when migration of all yearling fish was
minimal.

6. Effects of Time and Tide: We examined fullness data collected during
May and June, 1980-1983 for relationships to hour of catch. There was high
variability in the data and correlations were poor. To eliminate some of the
variability, we selected for fish captured less than 2 h after sunrise
(morning) and compared their mean stomach fullness to that of fish captured
more than 6 h after sunrise (afternoon) (Table 43). Each year, coho and
subyearling chinook salmon captured in the beach seine had higher mean
fullness values in the afternoon than in the morning (7 out of 8 comparisons
were significant, P<O.O5). Fish captured in the purse seine showed
differences between morning and afternoon mean fullness values in both
directions and no trend was observed.

Little or no relationship was observed between fullness values and
tide. Preliminary analyses comparing fullness value to time intervals from
high or low slack tide were poorly correlated.

Diet Composition and Overlap.--- Stomach contents from a sample of each
species captured 6-19 May 1980 were
dietary overlap.

identified to examine interspecific
Overlap calculations were performed at the ordinal level of

identification using biomass to characterize the diets. Unidentified insects
and fish were omitted from the analysis (only one fish was consumed--by a
subyearling chinook salmon; we felt it was anomalous data). A C X value of
0.6 is considered significant overlap (Zaret and Rand 1971).

The diet of subyearling chinook salmon was distinct from that of
steelhead (C = 0.2) but had significant overlap with yearling chinook salmon
(C = 0.6) and coho salmon (C = 0.8) (Table 44). Cladocera, was the most
distinctive item in the diet of subyearling chinook salmon (7% IRI').
Amphipoda and Insecta (primarily Diptera), together with Cladocera accounted
for over 90% of the IRI' (Fig. 61).

At the ordinal level of prey identification, yearling chinook salmon
showed significant dietary overlap with coho salmon (C = 0.6) and steelhead
(c = 0.6) (Table 44). All three species fed heavily on Amphipoda and Insecta
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Table 43 .--Comparison of morning and afternoon mean stomach fullness values
for juvenile salmonids captured at Jones Beach during May and
June 1980-1983.

-------------------------------------------------------------------------------------

Morning  b/ Afternoon c/------------   
mean mean

Year                     Species                    Location a_/       n      fullness     n       fullness        t-value
------------------------------------------------------------------------ 

1980
1981
1982
1983

1980
1981
1982
1983

1980
1981
1982
1983

1980
1981
1982
1983

Coho salmon Shore 47       2.9       19      3.9             2.3 d_/
. " I 1 8      3 . 5  23 4.1             1.5
I . I 78       3.6        44       4.2              2.9 d_/
I . . 6 8      3 . 4  67 3.9 2 . 5  d/

. . Mid river  138        4.4 30 4.2 0.7
3.8         47 4.2             1.8
3.9 46 3.9            -0.1 
3 . 7  164 3 . 8          1 . 2

I .

. I

I I

Yearling chinook salmon
. . I
l . .

I I I

Steelhead
I
.
I

1980  Subyearling chinook salmon Shore  187 3 . 5  124 4.0
1981 I a I I 450 3 . 2 175 3.9
1982 . . I I 584      3.9 127 4 . 8
1933 I * I I 227 3 . 9 127 4.3

1980 m I I Mid river 41        5.1 23 4.1
1981 . I I n 136 3 . 8  2 8      3 . 9
1982 I I . I 1.96      4.1 54 4.4
1983 a I I I 100 3 .9  44 4.1             0 .8

217
403
529

63 3.9 5 3 . 2           - 1 . 0
77 3 . 1        4 1       3 . 9  3 . 7  d_/
47 3.4 10 3 . 2  -0 .9
76 2 . 8  34 3.0 0 .8

96 2.7 15 3 . 7 2 . 3  d_/
8 6       2 . 9 41 3.8 4.1 d/
5 0      3 . 0  27 3 . 2  0 . 7

137 2 . 4  77 2.5 0.6

3.3 d_/
6.2 d/
7.0 d/
2 .5 d /

-2.8 d_/
0.5
1 . 8

a_/ Shoreline sampling with a beach seine, mid-river sampling with a purse
seine. Insufficient yearling chinook salmon and steelhead were captured
in the  beach seine  for  evaluat ion.

b_/ Morning defined as less than 2 hours after sunrise.
c_/ Afternoon defined as greater than 6 hours after sunrise.
d_/ Differences in morning mean fullnesssignificantly different than after-

noon mean fullness (P <_ 0.05).

176



Table 44 .--Diet overlap of juvenile salmonid&' captured at Jones Beach, 6-19
May 1980.

Fish species compared
X Y Overlapb_/

Subyr. chinook salmonc_/ Yr. chinook salmon 0.6d_/

" " " Coho salmon                   0.8d_/
" " " Steelhead 0.2

Yr. chinook salmon
" " "

Coho salmon
Steelhead

0.6d_/

0.6d_/

Coho salmon Steelhead 0.3

a_/ Classifications of food categories to order with unidentified insects and
items which constitute less than 1% of the total biomass present omitted.

b_/ Index of diet overlap from Morisita (1959) as modified by Horn (1966),
based upon the proportional biomass of diet items present in two species.
c_/ Biomass of one fish present in the stomach of a single subyearling chinook
salmon omitted.
d_/ An overlap value of 0.6 or greater is considered significant (Zaret and
Rand 1971).
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(from 78 to 96% of the IRI’), with dip teran insects predominant in coho and
chinook salmon and hymenopteran insects dominating the diet of steelhead
(Fig. 61). Plant material accounted for more than 20% of the IRI’ for both
yearling chinook salmon and steelhead.

Proximate Analysis .--Proximate analysis of stomach contents provided a
cursory evaluation of food quality for the four salmonid species (Table 45).
Compared to hatchery diets, contents of migrants appeared low in protein
(26-36%), high in carbohydrates (28-39%) and ash (13-24%), a

20/
normal in fat

(6-26%). The composition of Oregon Moist Pellet, OMP-2-- , a standard
hatchery diet, is: 52, 17, 13, and 19% protein, carbohydrate, ash, and fat,
respectively (Westgate et al. 1983). The low protein percentage in the
stomach contents of migrant fish may have resulted from more rapid absorption
of protein relative to ash and carbohydrates.

Stomach Content Weight.--In  1982, the mean stomach content weights for
subyearling and yearling chinook salmon, coho salmon, and steelhead collected
throughout the May and June peak migration period were: 0.55, 0.16, 0.23, and
0.09% body weight (%BW), respectively (Table 46). The %BW of stomach contents
decreased with increasing body size (Fig. 62) as previously observed for
juvenile salmonids in culture situations (Buterbaugh and Willoughby 1967).

Statistical correlation of fullness value plus fork length or fish weight
to weights of stomach contents was used to evaluate the consistency of the
fullness data for 1982 (Table 47). Length produced slightly be t ter
correlation than body weight when used as the second independent variable.
Correlation was highest for subyearling chinook salmon (I: = 0.78) and lowest
for yearling chinook salmon (r = 0.70). By using fullness as an estimator of
the actual contents weight (i.e., integer fullness values used to predict the
continuously variable stomach content weight) about 50% of the observed
variability in the stomach content weight data was not explained with this
model. There were two main sources for the variation: (1) integer fullness
values (previously discussed) and (2) estimating volume of food consumed by
weighing . The first source of error is unavoidable because of the limitations
inherent with visual indexes--even expanding the scale might not improve the
resolution of the observations. The second source could be improved by using
weights dried to constant weight (Congleton 1979). Blotted dry weights were
used here to better allow for future prey identification.

Discussion

Caloric content of food ingested plus metabolic activity are the
determinants of adequate nutrition. A thorough evaluation of nutritional

Reference to trade names does not imply endorsement by the National
Marine Fisheries Service, NOAA.
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Table 45.--Proximate analysis of stomach contents from juvenile salmonids
captured at Jones Beach during May and June 1982.

Composition (% dry weight)------------------------------------

Species
Wet     % a_/
weight  H 0    Fat   Protein Ash Carbohydrate
(g) 2

Coho salmon     b_/   14.7    82.2   11.2   31.5  23.0     34.3
Yr, chinooksalmon    15.1    77.9   26.2   25.8  12.7     35.3
Steelhead             6.4    82.9    5.8   35.1  20.5     38.6
Subyr.chinook salmon 10.1    80.0   12.0   36.0  24.0     28.0

a_/ Carbohydrate calculated by the difference,
b_/ Eighty-four stomachs from May and June 1981 were added t o

the 1982 samples to obtain a minimum dry weight of
1 . 0 g per sample.
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Table 47.--Multi-linear relationships between stomach content weight, fullness 
value, and fork length or body weight for juvenile salmonids captured 
at Jones Beach during 1982. 

__-----______--_________________________------------------ -------- 
MODE:L PI--FORK LENGTH 

.A 

Y=R tRX tRX 
0 1 1 22 

h I./3 g/ 
Where: Y- Stomach content weight (q 1 

!I/ 
X = Ful.lness 3-6 

1 
X = ForK l.ength (sn!) 

2 
Regression 
coefficient 

Species ” BO 81 82 P 
----- ---.. - -..------- ---- -------- _------- --------- ---- 
Coho salmon 595 -0.04762 0.073123 0.0008154 0.74 

Yr. chino& sal+ 191 -0.11073 0,088765 0.0009689 0.70 

Steelhend 100 -0,23261 0.105870 0+0011684 0.71 

Subyr. chinook sal, 1314 -0.11986 0.057360 0.0020409 0.78 

MODEL H--WEIGHT 
A 

Y=E( tBx +8X 
0 11 .I!2 

h 1./3 u_/ 
Where: Y= Stomach content weight (g ) 

I?./ 
X = fullness 3-6 

1 
X = fish weight (9) 

2 
-----------_-______ -_-_ -_------ -------- _____ ---- ---- 
Coho salmon 595 0.03373 0.073175 0.0012856 0.74 

Yr. chinook sul, 191 0.00713 0.089054 0.0008066 0.70 

Steelhead 100 -0.05957 0.108370 0.0008304 0.71 

Subyr. chino& sol. 1314 0.02353 0.057047 0.0047928 0,76 

s/ The cube root tronsforn~otion of the stowach content weight 
was used to produce norn~ully distributed residual value!: of 
unifornl variance. 

a/ Fullness values 1, 2, and 7 omitted front the #analysis because 
their relationship to stomach content weight is not linear, 
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1.4- 

0.6 - 

F = B,+B, (fullness)+B,(fish weight) 

where 5 = stomach content weigh? 

O3 6 

Fullness value 

Figure 62. --Percent body weight of stomach contents 
fOF 5, 10, and 18 g subyearling chinook 
salmon as predicted from a regression 
model with stomach fullness and fish 
weight as predictor variables from Table 47. 
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sufficiency for even a few groups of migrants would be difficult and time
consuming. With substantially less effort, evaluation of stomach fullness and
content weights provided a preliminary evaluation of feeding behavior and
relative food intake for thousands of individuals representing many groups.
Visual observation of fullness takes about 1 minute per stomach compared with
hours, in addition to the specialized equipment, required for a comprehensive
analysis.

There are compromises associated with using estimates for fullness and
stomach content weight to describe food consumption. Comparisons between
dissimilar sized fish are affected by nonlinear variation of food requirements
over the size range of juvenile migrants (Patrick 1974). Also, comparisons
between similar sized fish captured at different times are affected by
differences in metabolic activity associated with water temperature and
differences of caloric intake from the prey items consumed. Therefore,
statistical comparisons of fullness values were made only between mark groups
passing Jones Beach within narrow date ranges. Significant differences in
fullness means were not always directly correlated with fish size, but the
mean lengths are presented for consideration (Figs. 54, 55, 57, 59, and 60).

Fish lose weight in response to low nutritional intake. To correctly
identify fish groups that have lost weight from malnutrition, feeding indices
(%BW) were calculated using length transformed to a corresponding body weight
according to length/weight relationships observed for tagged fish at Jones
Beach (Table 48).

Compensation Mechanism for Low Food Availability.--Foraging behavior of
fish changes in response to food availability--Dill (1983) termed this
adaptive flexibility. As hunger increases, search for food increases and diet
includes less preferred prey. Consequently, a change in diet or a change in
migration rate, as well as increased numbers of empty stomachs might be
indicators of low food availability. A diet change for subyearling chinook
salmon was observed at Jones Beach following the eruption of Mount St.
Helens. Sediment deposition reduced the supply of a preferred food item,
Corophium salmonis,, which resulted in a diet shift to insects and mysids.

Food Consumption Compared with Juveniles in Other Locations.--Stomach
content weights (%BW) of migrant chinook salmon captured at Jones Beach were
compared to those of juveniles in other geographical areas, rivers, and
estuaries and indirectly to traditional feeding rates at hatcheries.

1. Subyearling Chinook Salmon: Subyearling chinook salmon, 77-82 mm
fork length, captured at Jones Beach during May and June (about 5 g; Table
46), averaged about half full stomachs and

21/
stomach content weights averaged

about 0.7 %BW (wet weights, Table 46).-- Herrman (1971) found that stomach

2_1_/ During May and June, the water temperatures at Jones Beach ranged between
10° and 19°C (mean 14°C). For this evaluation, non-feeding fish were
considered atypical migrants and were not used, therefore, providing a liberal
estimated food consumption for fish at Jones Beach.
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Table 48:~Len~thluelght relationships of tagged juvenile salmonids captured 

a? Jones beach during 1982 and 1983. 

___________.____________________________----------------------------------- 
Correlation 

Species n Prediction Formulaa' coefficient (r) 

___-________________------------------------------------------------------- 

Coho salmon 3831 

Yearling 893 

chinook salmon 

* 
wt = (1.24~10 

-5 
)(lth2'9') 

n 
lth = (51.42)twt 

0.313) 

n 
wt = (3.05x10 

-6 
)(lth 

3.22) 

lti; = (52.98)(~t~'~~~) 

Steelhead 1462 
h 

wt = (1.37x10 
-5 

) (lth2'91) 

14 = (49.90)~nt0'332) 

Subyearling 7215 ,; = ~6.79x10-6)(lth3'08) 

0.96 

0.98 

0.98 

0.99 

chinook.salnon 1t; = (47.47)(wt0.320) 

al wt = weight of fish (g) 

Itn = fork length of fish (mm) 

,. 
= predicted value 
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content weights averaged 1.2 %BW (wet weights) for similar sized chinook
salmon captured in the Chehalis River estuary, Washington. Healey (1980)
reported that stomach content weights ranged from 0.1 %BW in May (during peak
abundance) to 5 %BW in June for chinook salmon in the Nanaimo River estuary,
British Columbia (wet weights in 1975, dry weights in 1976 and 1977). Becker
(1973) found that dry stomach content weights averaged 0.4% dry food to wet
body weight for 5-g chinook salmon collected in the Hanford reach of the
Columbia River (RKm 591 to 629). Converting these percentages to represent
%BW (dry weight), assuming preserved fish were 20% dry matter (Healey 1978),
the average stomach content weight of Becker's fish was about 2 %BW.

These comparisons generally indicate that subyearling chinook salmon
captured at Jones Beach had low food consumption. However, both of the
aforementioned estuary studies characterize subyearling chinook salmon
residing in the estuary (Healey calculated growth of fish in June to be 5.8
%BW/day). Likewise, fish examined by Becker in the Columbia River were
residents of the sampling area. Subyearling chinook salmon captured at Jones
Beach were actively migrating (average 16 to 18 km/day, Dawley et al. 1984)
and such activity and physiological state (we assume that most are smolts) may
affect foraging behavior. Loftus and Lenon (1977) observed heavy feeding by
subyearling chinook salmon during downstream migration in the the Salcha
River, Alaska. Over 99% of juvenile chinook salmon smolts (mean length 73 mm)
had fed prior to capture, and most stomachs were full and distended. Fish
were sampled 1,544 km upstream from the ocean, and those smolts may not be
comparable to smolts collected only 75 km from the ocean at Jones Beach.

2. Yearling Chinook Salmon: Stomach content weights for yearling
chinook salmon were available from two upstream sites in the Columbia River:
the reservoir of Wanapum Dam (RKm 707) and the reservoir of John Day Dam
(RKm 395) (Rondor2_2_/). The mean weight of fish captured at RKm 707 was
22.8 g and stomach contents averaged 0.6 % B W whereas at RKm 395, fish were
smaller, mean weight of 16.0 g and stomach contents averaged 0.8 %BW (dry
stomach content converted to wet weight, samples collected at 0900 h during
May) l. At Jones Beach during May and June, stomach content weights for similar
sized fish were less: 0.2 %BW (n = 27, weight range 20.0 - 26.0 g) and 0.6
%BW (n = 9, weight range 12.0 - 18.5 g).

3. Coho salmon and Steelhead: No data were found regarding food
consumption of yearling coho salmon or steelhead in rivers or estuaries.

Food Consumption at Hatcheries.--Bardach  et al. (1972) reported that
salmon reared in hatcheries at 10°-15°C require daily rations of about 1
%BW/day for body maintenance, and upwards to 7 %BW/day for growth (weight of

22/ D. Rondorf, U.S. Fish and Wildlife Service, National Fisheries Research
Center, Willard Station, Star Rt., Cook, WA 98605; pers. commun.



food, about 20% water; and wet weight of fish). Fairgrave2_3_/ found that
juvenile coho salmon ( 10-20 g fish) fed various hatchery diets at 0.6 %BW/day
or less, exhibited negative, zero, or little growth.

Daily and morning hours rations were estimated for migrant fish captured
at Jones
(Table 49).

Beach in May and June to compare with rations at hatcheries

not made,
Die1 observations of food consumption by juvenile salmonids were

so we assumed that available daily feeding curves in published and
unpublished literature (Johnson and Johnson 1981; Rondorf2_2_/ Table 49)
properly represented diurnal feeding behavior of migrants captured at Jones
Beach. The proportion of the total daily meal present in the gut in
mid-morning (0800 to 0900 h) observed in those studies was about 22%.
Assuming that proportion for average sized migrant fish at Jones Beach
(Table 46), the total daily ration for each species was about 3.0, 0.7, 1.0,
and 0.6 %BW/day,
coho salmon,

respectively for subyearling and yearling chinook salmon,
and steelhead (wet weight of food). If these estimated daily

rations are converted to 20% water for comparison to hatchery diets (0.03,
0.06, 0.13, and 0.05 %BW/day, respectively), all are substantially below the
body maintenance requirements for hatchery feeds.

Interspecific Interaction.--Species interaction possibly caused lower
feeding rates for yearling chinook salmon in May, when all salmonid species
were present in the Columbia River in large numbers. Stein et al. (1972)
observed that chinook salmon are less competitive than coho salmon, which
impacts quantity and quality of food ingested. Interaction with steelhead
elevated stress among yearling chinook salmon (Park et al. 1983, 1984), which
may also affect their feeding success.
shore oriented than the yearling fish,

Subyearling chinook salmon are more

increased numbers of year1ing migrants.
thus may not be affected by the

The observed decline in food
consumption for all yearling fish during early June immediately following the
peak migration period suggests one or more of the following: (1) the food
resources were cropped by large numbers of migrant fish, (2) the food
resources available to the migrants were reduced by increased water volume
during June, or (3) yearling fish passing at the later portion of the
migration period were poor foragers.

Conclusions

1. Percentages of non-feeding fish within populations observed at Jones
Beach were generally lower than 20, 10, and 30% for chinook and coho salmon
and steelhead, respectively.

2. Relatively low mean fullness and high incidences of empty stomachs in
particular fish groups were correlated with the following: close proximity of

2_3_/ B. Fairgrave, Oregon Department Fish and Wildlife, 17330 S.E. Evelyn St.,
Clackamas, OR; pers . commun.
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Table 49. --Published and unpublished data assessing daily and morning hours
food consumption by juvenile salmonids.

Observations at
0800 or 0900 h

River
Total dailya_/

stomach Portion of
content daily meal

Species Age meal (mg) (mg) (%)

Orwell Brookb_/ Coho
New York State salmon

Orwell Brookb_/
New York State Steelhead

Columbia Riverc_/
at RKm 395

Chinook
salmon

Columbia Riverc_/
at RKm 707

Chinook
salmon

0 10.6 1.83 17.3

0 7.8 1.40 17.9

1 158.2 31.1 19.7

1 69.4 23.9 34.4

Average 22.3

a_/ Daily meal = amount of food consumed per day.
b_/ Johnson and Johnson (1981).
c_/D. Rondorf, U.S. Fish and Wildlife Service, National Fisheries Research
Center, Willard Station, Star Rt., Cook, WA 98605; pers. commun.
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release to recovery site and/or short migration period prior to recovery,
early March release of yearling chinook salmon, high turbidity from the
eruption of Mount St. Helens, and disease incidence prior to release at the
hatchery. Some stocks of fish with high percentages of non-feeding
individuals could not be correlated with known physical or biological factors
likely to have affected feeding.

3. Relatively high mean fullness values were documented for Stayton Pond
groups that were cultured in earthen ponds.

4. The turbid water resulting from the eruption of Mount St. Helens
temporarily decreased food consumption by several stocks of subyearling
chinook salmon and coho salmon.

5. The eruption of Mount St. Helens is not expected to have long term
effects on the food resources of subyearling chinook salmon. Their decreased
consumption of amphipods and increased consumption of insects, mysids, and
cladocerans appears to be a temporary change. Partial restoration of amphipod
consumption was observed in 1982, and continued improvement of benthic
substrate should allow complete recovery to pre-eruption levels.

6. Jones Beach appears to be a geographical area of dietary transition
for subyearling chinook salmon. Other researchers found that fish captured
upstream consumed primarily insects, and fish captured downstream consumed
primarily amphipods, whereas fish we captured at Jones Beach consumed both.

7. The decline in food consumption of yearling chinook salmon during the
peak outmigration  (May) may have been related to interspecific interaction and
slow recovery of the food resources available. Significant dietary overlaps
were indicated between the other salmonids. Decreased consumption was not
apparent for subyearling chinook and coho salmon and steelhead.

8. Food items most important to juvenile salmonids near Jones Beach were
insects including Diptera, Hymenoptera, Coleoptera, Ephemeroptera, and
Trichoptera; and crustaceans including Amphipoda and Cladocera.

9. Stomach content weights from subyearling and yearling chinook salmon
captured at Jones Beach were less than similar sized fish examined at other
estuarine and riverine locations. Results of proximate analyses of stomach
contents for fish captured at Jones Beach indicated that the food eaten was
not of sufficient quality to compensate for low consumption rates.

10. Visual assessment of stomach fullness is a fast and economical
method for examining the food consumption of large numbers of fish.
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Visceral Fat Content of Subyearling
Chinook Salmon Captured at Jones Beach

Introduction

The quantity of fat within the visceral cavity surrounding the pyloric
caeca, stomach, intestine, and spleen of juvenile salmonids was used by Myers
(1980) to differentiate between hatchery and wild fish in the Yaquina River
estuary. In Myers' study, none of 28 wild coho or 87 wild chinook salmon had
fat visible in the visceral cavity; whereas many of the hatchery fish had
internal organs completely obscured by fat.

We examined tagged subyearling chinook salmon captured at Jones Beach to
determine if differences in visceral fat could be used to differentiate
between wild and hatchery fish in the Columbia River. If clear-cut
differences were apparent for tagged hatchery fish, then the ratio of wild to
hatchery juveniles could be. estimated for unmarked fish.

In 1983, comparisons of visceral fat between wild and hatchery stocks of
subyearling chinook salmon were possible. Timing at Jones Beach of wild fish
from the Lewis River (96,444 tagged fish, mentioned earlier--Table 36) was
coincidental with tagged fish from several hatcheries including the Cowlitz.
Comparison with Cowlitz stock was particularly appropriate because the Lewis
and Cowlitz Rivers enter the lower Columbia River at RKm 140 and RKm 109,
respectively, and the distance of migration was similar for both stocks.

Methods

Generally, fish used for visceral fat observations were those selected
for stomach fullness observations; the selection was based on holding time
restrictions necessary for fullness observation and time available for
additional processing.

The body cavities of selected fish were opened longitudinally, and the
body organs were observed for surrounding fat. Observations were quantified
numerically: 1 = no visible fat; 2 = some fat present; and 3 = extensive
quantities of fat present.

Individual fish were weighed to +_ 0.005 g (W) and measured to +_ 0.5 mm
fork length (L); condition factor (K) was calculated for each individual
according to the formula K = W/L3.

Results

From June through August 1983, a total of 1,748 tagged subyearling
chinook salmon were examined for quantities of visceral fat (1,522 hatchery
fish and 226 wild fish). Some individuals within all marked groups examined
had visceral fat. Twenty eight percent of the hatchery fish examined had no
observable visceral fat, 38% had some fat, and 34% had extensive fat
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(Table 50). Included in the hatchery group were 481 fish released from the
Cowlitz Hatchery (31% no fat, 36% some fat, and 33% extensive fat), There
were 226 wild fish from the Lewis River examined (47% no fat, 44% some fat,
and 9% extensive fat).

There was a strong decrease through time for the proportion of Cowlitz
Hatchery fish having visceral fat and an increase through time for the Lewis
River wild fish (correlation coefficient, r = -0.9 and 0.6, respectively)
(Fig. 63). The positive slope for the relationship of visceral fat to date of
capture for the wild fish may be related to decreased competition for food
during late July and August; large numbers of hatchery fish were migrating
through the estuary in June; in comparison, few fish were passing Jones Beach
in late July and August. More food may be available to later migrants which
resulted in increased visceral fat of Lewis River wild fish.

Condition factors of fish from Cowlitz Hatchery were nea ly constant
through the date range of recovery; overall mean = 10.4x10 -6 (Fig. 64).
Condi tio factors for Lewis River wild fish were higher (overall mean
10.7x10 -6 ) and showed strong positive correlation with date of capture
(r = 0.8).
11.0x10-6.

By early August the condition factor of the wild fish reached

Stomach fullness of the wild fish was consistently greater than that of
Cowli tz Hatchery fish and of other hatchery fish passing during the period.

While examining wild subyearling chinook from the Lewis River, we
observed a high incidence of nematodes in the visceral cavity (primarily in
the air bladder). During the time period when we consistently recorded the
incidence (1 July - 8 September 1983), 64% of the fish observed contained
nematodes . These fish appeared outwardly healthy and showed no significant
difference in relative stomach fullness from those of the same tag groups
without nematodes (P>O.4).

Conclusions

1. Observations of visceral fat content for subyearling chinook salmon
captured in the Columbia River at Jones Beach are not useful for separating
Lewis River wild stock from hatchery fish because a substantial portion of
wild fish (53%) contained fat and 28% of the hatchery fish observed contained
no fat.

2. Differences in natural food resources available to wild chinook
salmon may exist between the Lewis and Yaquina Rivers which could explain the
observed difference in the percentage of individuals containing visceral fat
(53 and 0%, respectively).
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Table 50 .--Visceral fat observations from subyearling chinook salmon captured
at Jones Beach, June through August 1983.

No fat
no. %

Fish observed
Some fat Extensive fat
no. % no. %

Total
no.

Total hatchery fish 423 28 574 38 525 34 1,522

Cowl i tz Hatchery fish 147 31 175 36 159 33 481

Lewis River wild fish 106 47 99 44 21 9 226
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Figure 63. --Temporal plot of the proportion of subyearling chinook
salmon of the Lewis River wild and the Cowlitz Hatchery
stocks containing fat in the visceral cavity, from marked
individuals captured at Jones Beach.
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3. Cowlitz Hatchery fish rapidly lost visceral fat following release
from the hatchery, whereas wild Lewis River fish gained visceral fat during
the period of capture at Jones Beach.

4. Wild fish from Lewis River generally had more food in their stomachs
than hatchery fish.

Catches of Non-Salmonids

Introduction

Capturing fish of non-targeted species is inherent in sampling juvenile
salmonid populations. Migrating and resident species were captured at all
times of the year and in large numbers. The objective of this part of the
report is to document catches of these fish.

Results

Non-salmonids comprised nearly 40% of the total catch at Jones Beach
(Dawley et al. 1985a).  Adult and juvenile threespine stickleback,
Gasterosteus  aculeatus, and peamouth, Mylocheilus caurinus, were captured in
large numbers year-round. Large catches of juvenile American shad, Alosa
sapidissima, were obtained during their migration period (April through
November). Two separate size groups were recovered each year. Large
individuals were generally captured between April and August with a peak in
May when they averaged about 105 mm fork length. More numerous smaller
individuals were captured from July to December; peak catches occurred during
the fall (undefined because of limited sampling in the fall) at an average
fork length of about 70 mm. Eastern banded killifish, Fundulus diaphanus,
were captured in the beach seine in 1971, 1981, and 1983 (Ledgerwood et al.
1985); the Columbia River is not described as part of the normal geographical
range for this species (Scott and Crossman 1973).

In 1980, there was a signif icant increase in beach seine catches of
several predator and scavenger fish species at Jones Beach, beginning with the
heavy turbidity created by the eruption of Mount St. Helens. Catches of
northern squawfish, Ptychocheilus oregonensis; prickly sculpin, Cottus asper;
peamouth; and suckers, Catostomus sp., in late May and June were more than
double those of previous years (Fig. 65). These fish were adults, not
juveniles . It is possible that the increase in the catch resulted from fish
being forced out of the Toutle and Cowlitz Rivers by high water temperature
and turbidity.

Population changes of northern squawfish at Jones Beach were of
particular interest due to their role as a predator in other areas (Ricker
1941; Jeppson and Platts 1959; Thompson 1959; Thompson and Tufts 1967;
Steigenberger and Larkin 1974; Uremovich et al. 1980; Bentley and Dawley
1981). We observed an increase of squawfish during the sampling period.
Catches escalated from none in 1966 to 1,754 in 1981. The trend of population
increase was accelerated in 1980, as previously discussed. Stomach contents
from a subsample of squawfish captured in 1983 were examined to determine the
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extent of predation on juvenile salmonids. Ninty-five percent of the 197
squawfish examined contained food items, primarily crustaceans, insects, and
fish. None of the squawfish examined had consumed salmonids. For details of
the squawfish population change and stomach content analyses refer to Kirn et
al. (1985).
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SUMMARY AND CONCLUSIONS

1. Generally, subyearling chinook salmon concentrate in shallow
near-shore areas of the estuary, and when they are in deep water areas they
are found within 3 m of the surface. However, large fish (< 50/lb) and those
that migrate long distances (> 250 km) before entering the estuary do not
concentrate in near-shore areas.

2. Yearling salmon and steelhead concentrate in mid-river areas except
early in the year (March, April, and early May), presumably prior to
smoltification.

3. Most movement of juvenile salmonids through the estuary occurs during
daylight hours. Tidal conditions and direction of flow do not appear to
substantially influence die1 movement patterns. Generally , die1 movement
patterns appear consistent between years, and sampling 7 h/day in the morning
provides samples which are representative of the overall migrant population.

4. Timing of the juvenile salmonid migrations into the estuary is
primarily dependent on dates of release from hatcheries and river flow.
Generally, high river flows cause faster migration through the river. In some
instances , fall released fish groups overwintered upstream from Jones Beach
and migrated in the spring; size of fish and stock differences appear to have
influenced the migration timing.

5. Movement rates of marked groups of subyearling chinook salmon and
coho salmon increase with size at release and distance of migration. From
1966 to 1972, larger individuals of marked groups migrated at a faster rate
than smaller fish; however, within groups observed from 1977 to 1983, the
larger individuals did not necessarily move at a faster rate. This change of
migration behavior may have resulted from a general increase in size of fish
at release, and, for coho salmon specifically, later dates of release. We
speculate both factors increased the proportion of smolted fish among the
smaller individuals of most groups and resulted in more uniform migration
rates.

6. Movement rates through the estuary and into the ocean are similar to
rates from release site to the estuary, indicating that the use of the
Columbia River estuary by juvenile salmonids originating upstream from Jones
Beach is rather limited compared to documented use of other estuaries.

7. Increased river flow causes decreased catch rates of all species,
which decreases precision of comparisons between time periods. An adjustment
factor was computed to standardize catch percentages of groups recovered at
different flow conditions.

8. Total numbers of subyearling chinook salmon, yearling chinook salmon,
coho salmon, or steelhead sampled in the estuary do not relate to numbers of
returning adults be cau se overal 1 survival rates are different between
stocks . However,estuarine catch data are useful for within stock examination
of survival differences among treatments. Generally , estuarine samples which
show statistically significant differences among groups , show similar
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differences in adult recoveries. However, many groups which showed
differences in returns of adults did not show differences in juvenile sampling
data. Trends of survival differences between treatment and control groups
were attainable from estuarine sampling in evaluations of size at release;
release date; release site; and from particular studies with density
nutrition, and fish stocks.

,

9. Minimum-size thresholds for migration and survival of Columbia River
coho and wild fall chinook salmon and Willamette steelhead were supported with
Jones Beach data.

10. Baseline data for catch rates for marked groups can be used for
identifying groups which have substantially decreased survival during river
migration.

11. Food consumption of migrants examined at Jones Beach appears to be
substantially less than in other reaches of the river and in other river
systems. Interspecific interaction or competition for food may be decreasing
the overall food consumption rates for yearling chinook salmon. Adverse
environmental conditions from the eruption of Mount St. Helens caused
decreased feeding, alteration of available food resources, and decreased
survival of juvenile migrants. Cultural practices , poor health, and release
timing also affect food consumption of migrants. Although insufficient data
are available for evaluation, we suspect that decreased feeding rate may
impact survival to adulthood.

12. Absence of fat within the viscera of migrants captured at Jones
Beach was not usable as an indicator for wild subyearling chinook salmon.

13. Resident populations of squawfish have increased dramatically at
Jones Beach during the period of sampling, however, there are no signs of
their predation on salmonids.

14. Researchers and culturists made extensive use of the estuarine
sampling data to evaluate migration timing and relative success of marked
groups. Additionally, marked fish from specific groups were utilized to:
compare various physiological changes which occurred during migration, to
evaluate transmission of disease between stocks originating from different
tributary streams that mingled during migration, and to evaluate changes of
sex ratio within populations of coho salmon following migration. We conclude
that observation of marked fish groups at the terminus of freshwater migration
is important to salmonid enhancement activities.
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INTRODUCTION

Upon request biological observations were made and tissue samples

collected for other research programs. Tissues and internal organ

observations were only made from fish sacrificed for tag identification. The

objective of this section of the report is to provide examples showing how

data obtained at Jones Beach are being used by managers and other

researchers.

BIOLOGICAL SAMPLES

1. Gas bubble disease incidence for water regulation and smolt release

timing by the Columbia River Fish and Wildlife Commission1_/ (1977-83).

2. Gill tissue samples for adenosine triphosphatase (Na+-K+ ATPase)

analysis by researchers from NMFS2_/ (1978-83) and ODFW3_/ (1978-79).

3. Scales for comparison with adult scales by ODFW4_/ (1979-83)

Washington Department of Game5_/ (WDG) (1980-81), University of Washington

(U of W)6_/ (1982-83), and Oregon State University (OSU)7_/ (1982-83).

4. Stomach samples for basic research by USFW8_/ (1979) and WDG5_/

(1980).

1_/ Columbia River Fish and Wildlife Commission, Lloyd Bldg., Suite 1240, NE
Multnomah St., Portland, Oregon 97232.

2/ W. S. Zaugg, NMFS, Star Rt., Cook, WA 98605.
3_/ Ron Williams, ODFW, 303 Extension Hall, OSU, Corvallis, OR 97331.
4_/ Concannon, G., ODFW, P.O. Box 182, Maupin, OR 97037; Hansen, H., ODFW,

1733 Evelyn Street, Clackamas, OR 97015; and Murphy, S., ODFW, Oregon
State University, Corvallis, OR 97331.

5_/ Loch, J.,WDG, 1351 Kalama River Rd., Kalama, WA 98625.
6_/ Mathews, S., U of W, School of Fisheries, Seattle, WA 98195.
7_/ Fisher, J.,School of Oceanography, OSU, Corvallis, OR 97331.
8_/ Washington, P.,USFWS, Naval Support Activity, Bldg. 204, Seattle,

WA 98115.

216



5. Incidence of enteric red-mouth in marked fall chinook salmon from

Bonneville Hatchery for survival comparison by ODFW9_/ (1979).

6. Incidence of sunburn in marked coho salmon from Willard NFH for

survival comparison by USFWS (1979).1_0_/

7. Sex determinations for survival comparisons of coho by USFWS9_/

(1981-82).

8. Smolt carcasses for a salmon predation study of marine mammals by

WDG1_1_/ (1982).

9. Branded fish for bioenergetics study by USFWS1_2_/ (1982-83).

10. Live unmarked fish for disease study by OSU1_3_/ (1982-83).

11. Incidence of nematode infestation in wild fish from the Lewis River

for researchers from Washington Department of Fisheries (WDF)1_4_/ (1983).

REPORTS AND PUBLICATIONS

Aho, R., G. Concannon, J. Ziller, S. Pribyl, and K. Schroeder.
1979. An ecological and fish cultural study of Deschutes River salmonids.
Oregon Dep. of Fish and Wildl., Portland, OR. 29 p. (Annual
Progress Report).

Aho, R., G. Concannon, J. Ziller, S. Pribyl, K. Schroeder, K. Anderson, and
R. Hill.

1979. An ecological and fish study of Deschutes River salmonids. Study
of wild spring chinook in the Deschutes River, and an evaluation of the
spring chinook rearing program at Round Butte Hatchery (l0-78/6-80).
Oregon Dep. of Fish. and Wildl., Portland, OR. 77 p. (Annual
Progress Report).

9_/ Knowles, V., ODFW, Bonneville Hatchery, P.O. Box 262, Bonneville, OR
97008.

1_0_/ Leek, S., USFWS, Little White Salmon NFS, Cook, WA 98605.
1_1_/ Beach, R. J., WDG, 35 Portway, Astoria, OR 97103.
1_2_/ Rondorf, D., USFWS, Cook, WA 98605.
1_3_/ Fryer, J. L., OSU, Corvallis, OR 97331.
1_4_/ Guy Norman, WDF, 16118 NE 219th St., P.O. Box 999, Battle Ground, WA

98604.
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Bjornn, T. C., R. R. Ringe, and J. King.
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Idaho, Moscow, ID (Report to Natl. Mar. Fish. Serv., Seattle, WA).

Buchanan, D., R. Hooten, M. Wade, and J. McCrae.
1979. Willamette River Steelhead. Oregon Dep. Fish and Wildl.,

Portland, OR. 49 p. (Annual Progress Report).

Buchanan, D. V., M. G. Wade, R. M. Horton, and W. C. Wingfield.
1981. A minimum threshold size for hatchery steelhead smolts in the
Willamette River system. Proceedings of the 32nd Annual Northwest Fish
Culture Conference (Informal Records of Presentation):169-170.

Burck, W., R. Lindsay, B. Smith, and E. Olsen.
1979. Spring chinook studies in the John Day River (l0-78/12-79).

Oregon Dep. of Fish. and Wildl., Portland, OR. 63 p. (Annual
Progress Report).

Burck, W., R. Lindsay, B. Smith, and E. Olsen.
1980. Spring chinook studies in the John Day River. Oregon Dep. of

Fish. and Wildl., Portland, OR. 69 p. (Annual Progress Report).

Concannon, G., J. Ziller, K. Schroeder, and K. Anderson.
1980. An ecological and fish cultural study of Deschutes River

salmonids, study of wild spring chinook in the John Day and Deschutes
River, and an evaluation of the spring chinook rearing program at Round
Butte Hatchery. Oregon Dep. of Fish. and Wildl. 57 p. (Annual
Progress Report).

Dawley, E. M.
1982. Forklength changes of juvenile salmonid populations following
migration through the Columbia River. Proceedings of the 33rd
Northwest Fish Culture Workshop (Informal Records of Presentation):
257-264.

Fessler, J., R. Aho, G. Concannon, and J. Zakel.
1977. An ecological and fish cultural study of Deschutes River

salmonids. Oregon Dep. of Fish. and Wildl., Portland, OR. 48p.
(Annual Progress Report).

Fessler, J., R. Aho, G. Concannon, J. Ziller, and S. Pribyl.
1978. An ecological and fish cultural study of Deschutes River

salmonids,  and an evaluation of the spring chinook rearing program at
Round Butte Hatchery. Oregon Dep. of Fish. and Wildl., Portland,
OR. 52 p. (Annual Progress Report).

Hansen, Harold L.
1982. Bonneville Hatchery evaluation. Oregon Dep. of Fish. and Wildl.,

Portland, OR. 21 p. (Annual Progress Report).
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1979. Bonneville Hatchery evaluation. Oregon Dep. of Fish and Wildl.,

Portland, OR. 22 p. (ODFW Annual Progress Report).

Harmon, J. R. and E. Slatick.
1983. Use of fish transportation barge for increasing returns of
steelhead imprinted for homing. U.S. Dep. Commer., Natl. Oceanic
Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska Fish.
Cent., Seattle, WA. 13 p. plus Appendix. (Report to Bonneville
Power Admin., Portland, OR, Contract DE-A179-82BP34735).

Harmon, J. R. and E. Slatick.
1984. Use of fish transportation barge for increasing returns of

steelhead imprinted for homing, 1983. U.S. Dep. of Commer., Natl.
Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska
Fish. Cent., Seattle, WA. 17 p. (Report to Bonneville Power
Admin. Portland, OR, Contract DE-A179-83BP39643).

Holway, J. E.
1982. Eagle Creek NFH density study progress report. Proceedings of the

33rd Northwest Fish Culture Workshop (Informal Records of
Presentation):195-202.

Johnson, S. L.
1982. A review and evaluation of release strategies for hatchery

reared coho salmon. Oregon Dep. of Fish and Wildl., Portland, OR.
47 p. (Report 82-5).

Knox, W. J., M. W. Flesher, R. B. Lindsay, and L. S. Lutz.
1984. Spring chinook studies in the John Day River. Oregon Dep. of Fish
and Wildl., Portland, OR. 27 p. (Annual Report to Bonneville Power
Administration, Portland, Oregon, Project No. 79-4).

Krcma R., M. Gessel, L. Gilbreath, B. Monk, S. McCutcheon, and W. Muir.
1984. Evaluation of juvenile collection system at Bonneville Dam, 1983.

U.S. Dep. Commer., Natl. Oceanic Atmos. Admin., Natl. Mar. Fish. Serv.,
Northwest and Alaska Fish. Cent., Seattle, WA. 67 p. (Report to the
U.S. Army Corps of Engineers, Portland, OR, Contract
DACW57-83-F-0315).

Ledgerwood R. L. and E. M. Dawley.
1982. Stomach fullness of individual stocks of salmonid smolts entering

the Columbia River estuary during 1979, 80 and 81. Proceedings of the
33rd Northwest Fish Culture Workshop (Informal Records of
Presentation):265-278.

219



Loch, J.
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Olympia, WA. 47p. (Report to Natl. Mar. Fish. Serv., Seattle, WA).

Mahnken, C. V. W., E. F. Prentice, W. Waknitz, G. E. Monan, C. W. Sims, and J.
Williams.

1982. The application of recent smoltification research to public
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W. Harrell, A. J. Novotny, D. M. Damkaer, E. Wold, and R. Vreeland.

1980. A study to assess status of smoltification and fitness for ocean
survival of chinook and coho salmon and steelhead. U.S. Dep. Commer.,
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APPENDIX B

Miscellaneous Tables Relating to Migration of Juvenile Salmonids

Appendix Table Bl. --Number and percent recovery of juveniles at Jones Beach
and adults from mark groups which were identified as
replicates or near replicates and used to empirically
define sampling variability.

Appendix Table B2. --Mean stomach fullness and standard deviation for juvenile
salmonids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1980.

Appendix Table 83. --Mean stomach fullness and standard deviation for juvenile
salmonids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1981.

Appendix Table B4. --Mean stomach fullness and standard deviation for juvenile
salmonids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1982.

Appendix Table B5. --Mean stomach fullness and standard deviation for juvenile
salmonids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1983.

Appendix Table B6. --Status of juvenile salmonid stomachs collected at Jones
Beach (RKm 75), 1979-1983.

Appendix Table B7.--Source, date of median recovery, and tag codes for fish
groups used in graphic comparison of stomach fullness
(Figures 44, 45, 46, 47, and 48). Subyearling and
yearling chinook salmon, coho salmon, and steelhead groups
captured at Jones Beach in 1982 and 1983.

Appendix Table B8. --Taxonomic classifications and codes for food items found
in juvenile salmonids from the lower Columbia River and
near-shore marine waters.
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Appendix Table Bl .-Nunbet and percent tecnvet~ of ,iuveniles at Jones Reach and adults ftos 
mark toups, eich WPC identified as replicates OP near replicates and 
used 4 o emplricolly defme samplinq variability, 

------______------------------------------------------------------------------------------ 
REPLICATE SRDUPS 1983 

---R-~-i ,----- ~!kEl?!!9!~~~9! -_--_---______ 

(Lot Rt Rot) Site Date 
(lq/Dl/D2) (source) b_/ Nuabet (da/ao/ytl 

Juvenis catch 
ldult 

Jones Reach cl 
ho.) 

kxEK~is_d_! 
(%I (no,) (X) 

07127127 
07/27/ 20 

07/27/29 
07/2?/30 

ow11142 
05/11/43 

05/11/44 
05/11/45 

RD U 3 
RD U 1 

LD U 3 
LD U 1 

07/23/28 
07/28/30 
07/28/31 
07/28/32 
07/28/33 
07128134 

;:;:g ‘ 

07/25/48 
07125145 

63/24/50 
63/26/03 

63/25/05 
63/25fO6 

63/26/13 
63/26/14 
63/26/E 
63/26/16 
63/26/17 

63/26/18 
b3/26/19 
63/26/20 
63/26/21 
63/26/ 22 

63/26/23 
63/26/24 
63/26/25 
63/26/26 
63/26/27 

subY~~~~li_ns_Eb_i?o~O 
Bonn+ Hat. 50,000 04/tlay/83 

;ff 
0,164 

50,800 0,177 

I I 52,600 ’ 2 0.162 
47,400 0.181 

Spring Ct, Hat. ;;,;i; 28/bpt/83 
it 

0.131 
I 0.138 

I I 

Bonn. Dam 
ISp. Ct. R5t.j 

I I 

Yillar, River 
(Stayton Pd.) 

Bonn. Hat* 

I I 

Coulitz Hat. 

I I 

Coulitz Hat, 

I I 

51,700 
52,100 

0,159 
ii 0.171 

51,400 OZ-03/ilay/83 
53,200 8q Ei 100 * 

53,900 107 
52,800 

0,198 
107 0.203 

26/Rpr-19May183 ;I 

:5’ 

:6” 

&@a_nuhinook salmon ------------ 

:;,;W; Ol/Nov/82 
, 

50,700 
48,600 

8,300 01/&p/82 
51,200 

73,000 04IApt183 
77,500 

C@x?sL!~~ 

10,900 03/Hay/83 
10,400 
10,400 
10,700 
10,000 

10,000 ’ 
10,200 
10,100 
10,300 
10,500 
10,600 ’ 
10,200 
10,300 
10,600 
10,400 

123 
123 E% t _ 

107 0,211el 
107 0.220~/ 
1: o.o12_e/ 

0,02&d 
:b” 0.034 0.025 

lY 0,106 0.174 

# 0.150 0,250 

12 0,120 

8 0,080 
19” 0.188 0.078 

16 0,155 
21 0.200 
24 0,226 
11 0.108 
14 0,136 

& 0.066 0,144 
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Appendix Table Bl.--continued. 

63/26t2a 
63l2bl29 
63/26/30 
63/26/31 
63/26/32 

63126133 
b3/26/34 
63/26/35 
b3/26/36 
63/26/3? 

63/26/38 
63/26/39 
b3/26/40 
63/26/41 
63/26/42 

05/11/33 
05/11/34 
05/11/35 
05/11/36 
05llll37 
05/11/38 

07/27/31 
07/27/36 

07/27/32 
07/27/35 

07127133 
07/27/34 

63/26/51 
63126152 
63126153 
b3/26/54 
63/26/55 

63126157 
63t26i5a 
h3/26/59 
63/26/60 

b3/2b/bl 
63/2b/b2 
63/26/63 

%% 2 

63127103 
63/27/04 
63/27/05 
63/27/06 
63/27/O? 

63/27/08 
63/27;09 
b3/27/10 
63127111 
63;27/12 

63/27/13 

63127114 
63/2?/15 
b3/27/1b 
63127117 

Caulitz Hot. 

I I 

I I 

Eo9le Cr. Hat. 

I I 

Sandy Hat., 

I I 

Washougol Hot. 

10,200 03lHo~183 
10,300 
10,400 
10,200 
10,600 
10,500 ’ 
10,100 
10,600 
10,400 
10,500 

10,500 ’ 
10,100 
10,200 
10,000 
10,700 
$73; 04/tlay183 

40:900 
39,300 

20,900 ’ 
20,300 

gg , 29hpria3 

54,900 ’ 
54,600 

54,100 ’ 
54,700 

8,000 27/M/83 
7,900 
8,000 
8,000 
7,900 

9,700 
9,900 
9,800 
9,700 

9,900 
9,900 
9,900 
9,700 

10,000 

10,100 
10,400 
10,100 
10,600 
10,100 
10,400 
10,300 
10,400 
10,400 
10,500 

10,000 
10,900 
10,300 
10,300 
10,600 

:6’ 
0,186 
0.155 

{ 
0,163 
0.167 
0,160 

21 0,200 
22 0.218 
11 0.104 

:o” 
0.154 
0.095 

:6’ 
0,162 
0,158 

{ 
0,147 
0.130 
0,178 

78 0,129 

;; 
0.121 
0,110 
0,165 

32 0,153 
36 0,177 

32 0.059 
46 0,084 

34 0,062 
33 0,060 

36 0,066 
37 0,068 

7 0.067 

3 
0,030 
0*050 

8’ 
0,087 
0.101 

6’ 
0,072 
0,Obl 

7” 
0,041 
0,072 

5 0.050 

$ 
0,050 
0.101 
0.031 

7 0,070 

7 0.069 

lo’ 
0.067 
0.099 

3” 
0.047 
0.030 

9” 
0.029 
0.087 

5” 
0,077 
0.040 

7 0,067 

7 0.070 

! 

0,073 
0,078 
0,029 

12 0,113 
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Appendix Table Bl.--continued. 

CohD Kk!! 
05/09/28 Uillard Hnt. 05/09/29 07lJun/83 

05/09/30 
05/09/31 

$4;; 21:900 
05/09/42 22,500 
05/09/43 23,300 

22,800 

05/09/32 ' 
05/09/33 

23,300 ' 

05/09/38 
20,800 

05/09/39 
22,200 

05/09/40 
21,900 

05/09/41 
20,500 
23,000 

05/09/34 ' 
05/09/35 
05/09/36 
05/09/37 

%K4 5 

23,700 ' 
22,100 
22,700 
22,200 
23,200 
23,300 

%aF..i 
63/28/39: Lvons Ferry Hat. Rn s 1 33,000 09-13/&y/83 

b3ii8i40t 2 32,000 

RR; ;; '3 WhaR Folls/Rnd.Butte 1,000 Ol/Jun/83 
1,000 Ob/Jun/83 

22 0.097 

:8" 
oso90 
0,082 

; 0.090 0,062 

0~075 

lb 0~069 
:9" 

;; 

0.085 0,077 

0.083 0,105 0,139 

19 0.080 
:3" 0.101 0.059 

2 0.099 0,067 

18 0,077 

96 0.291 

78 0,244 

1 0.100 
1 0.100 
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Appendix Table Bl.--continued. 
REPLICATE GROUPS 1982 

--iliT~-a7 -_---_ ~&z&m~~~iCL _______________ 

(Lee Rr Rot) Site 
(~g/Dl/DZ) 

Date 
(source) by Number (daleolyr) 

Juveni;; catch 
Adult 

Jones Beach cl Recoveries dl ma-;r--m-- (nb‘;T ----- IzT- 

05/10/58 
05/10/59 

_s_u_by~~r!_i_nec_h~~~~~~~~~~ 

Abernathy SCDC 29po,j&! 20/14pr-OllJunl82 3943 0,103 
0,114 

07/24/14 
07/24/15 

Bonn. Hot, 51,600 04lJunl82 
52,400 

07/24/16 
07/24/17 
LD T 1 
RD 1 1 
LD 1 2 
RD T 2 

05/04/35 
05/04/36 

07/23/30 
07/24/11 

05/08/51 
05/10/57 

05/10/53 
05/10/54 

I I 52,500 ’ 
54,100 

Bonn. Dam Hot+ 51,800 ’ 
Uonn+ Hot,) 54,400 

I I 52,900 ’ 
49,800 

LiteUhAal,Hat. l;;,;;; 02-03lJunl82 
9 

Oxbow Hat, 52,300 04-25lJunl82 
52,500 

Spring Cr, Hot, 46,700 08-13lhprl82 
102,300 

Spring Cr, Hat. :;P;;; 15/Apr/82 
, 

05/10/55 I I 

05/10/56 
41,200 ’ 
48,200 

63/23/09 Coulitz Hat. 
63/23/10 

23,900 Ollnprl82 
23,200 

63/23/ 11 I I 
63/21/34 

24,300 ’ 
24,000 

07125125 N, Santiam R, 50,600 17lHarl82 
07/25/26 Marion FRs Hat,) 
07125127 

50,600 
49,500 

07/25/28 
07/25/29 
07/25/30 

10;;‘;:‘: 

10/24/13: 
RD SU 2 

07124129 07124133 

’ ’ ;+fl& 18-22/h/82 

‘1 49,kOO 

S#FI(s Salmon R. 40,700 08-lOlbprl82 
(tIcCal Hat.) 

40,500 

9KL7a!!! 

Cuscade Hat. 27 700 I 28,200 25lliayl82 

‘6” 0,026 0.067 

b” 0.038 0.045 

;i 0.026 0,024 0.053 

14 0,028 
;z 0.041 0.044 

lb 0.039 

25 0.062 

63/24/20 63/24/21 

63124122 
63/24/23 
63124124 

63124125 
63/24/26 
63/24/27 
63/24/28 
63124129 

Coulitz Hat, 

' ' 

9,700 9,800 03/liay/82 

10,300 
10,200 
10,100 
10,500 ’ 
10,400 
10,~OO 

lY$Lf 

:z 0.106 0,090 

; 0,154 0.184 0,240 
18 0.175 
19 0,188 

13 0,124 
15 0,143 
1s 0,144 
11” 0,106 0,171 

22% 

ii 0.095 0.066 

2 0.085 0,086 

221 0,427 
199 0.366 

215 0.406 
159 0,319 

121 0,119 
146 0.148 

:k" 0.088 0,086 

48 0,103 
105 0.103 

F 0,146 0.157 

.5? 0,133 0.172 

7 2 o”*E . 

0” 0.000 0,000 

cf 0.000 0.000 

- - 

: 0,000 0,000 

cf 0.000 0.000 

8 0,017 
10 0.010 

123 0.025 0,007 

7” 0,014 0,019 

:i 0.129 0,075 

:o’ 0,083 0,045 

8 0,000 0,000 0,000 

1 0.002 
0 0,000 
2 0.004 

ff 

U 

111 0.401 
121 0.429 

;; 0,778 0,908 0,894 
85 0.825 

103 1,020 

145 1,381 
110 1,048 
114 1.096 
106 1,010 
116 1,115 



Appendix Table Bl.--continued. 

63/24/30 
63/24/31 
63/24/32 
63124133 
63/24/34 

Coulitz Hat, ;$;fli 03/hy/82 

10:100 
10,400 
10,400 

63/24/35 
63/24/36 
63124137 
63/24/38 
63/24/39 

10,300 ’ 
10,300 
10,100 
10,200 
10,300 

63/24/40 
63/24/41 
63124142 
M/24/43 
63/24/44 

10,500 ’ 
10,600 
10,600 
10,400 
10,700 

63/24/45 
63/24/46 
b3/24/47 
63/24/48 
63/24/49 

10,200 ’ 
10,300 
10,500 
10,200 
10,000 

05/10/35 
05/10/36 

Eagle Cr, Hat, :‘M\ 06/Hay/82 
, 

05/10/37 
05/10/38 
05/10/39 
05/10/40 

I I 42,600 ’ 
42,400 

I . 68,200 ’ 
66,600 

07/25/49 
07/25/57 

07/25/50 
07t25t5a 
07125154 
07/25/51 

Sandy Hat. 2$W\ 301nprts2 
1 

'1 26,400 ’ 
27,800 

I I 27,600 ’ 
27,200 

07/25/55 I I 
07/25/53 

28,200 ' 
25,900 

07/25/56 
07125152 

I . 27,600 
26,800 

’ 

63/25/13 
63/25/14 

Yashouqal Hat. 10,100 
9,800 

25/Uay/82 
63/25/15 
63/25/16 

10,200 

63/25/17 
9,900 

~9,800 

63125118 
63/25/19 
63/25/20 
63125121 
63/25/22 

63125123 
63125124 
63125125 
63/25/26 
63125127 

10,100 ’ 
10,100 
10,000 
10,200 
10,200 

10,100 ’ 
10,000 
10,100 
10,100 
10,000 

17 0.160 

:6” 
0.123 
0,157 

:B’ 
0,163 
0.171 

:: 
0~175 
0,194 

:o’ 
0,168 
0,196 

17 0.165 
24 0,226 

;; 
O*lSO 
0.159 
0,210 

22 0,206 

:P 
0,155 
0.202 

:5” 
0,226 
0,146 

19 0.188 

29 0.145 
42 0.220 

68 0.160 
77 0.182 

ii4 
0.167 

5 0,173 

31 0,129 
43 0,153 

50 0,189 
36 0,129 

46 0,167 
34 0,125 

33 0,117 
25 0,096 

43 0.156 
36 0,134 
9 0,088 

1: 
0,091 
0,136 

6” 
OsObl 
0,061 

if 
0.059 
0,079 

4 0.040 

1: 
0.039 
0,117 

7 0,069 

5' 
0.040 
0.050 

9’ 
0,069 
0,089 

1:; 0.915 0,962 

1;; 1,184 0,951 

101 l*OOO 
119 1.167 
115 1,117 
138 1,302 
133 1,243 
133 1.243 
145 1,381 
122 1.140 

140 1,359 
136 1.308 
122 1.151 
113 1,097 
105 1,040 

159 0.795 
119 0.623 

250 0.587 
257 OAb 

is o*5b7 0,569 

361 1,504 
398 1,416 

396 1.500 
378 1,355 

345 1.250 
372 1,363 

411 315 y;y . 2 

336 1,217 
407 1.513 

42 0.412 
2"9" 0,282 0,333 

35 44 E: * 

ii 0.386 0,376 

0,366 
Oa422 
0.359 

59 0.578 
2 0.653 0,376 

3o 51 go*;: . 
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Appendix Table Bl.--continued. 

cp_h_o_ %kF! 

63125128 Washougal Hat I 10,100 25/tiay/82 9 0,089 61 0,604 
63/25/29 
%M! 

10,100 0.118 

19” 1 ,;;; 
to’ 

0.412 

10,100 
3” 

0.099 0.040 2 
63/25/32 0.030 :i 

0.594 0.470 
0,586 

63125133 63/25/M 
63/25/35 
63/25/36 
63125137 

63/25/30 
b3/25/39 
63/25/40 
M/25/41 
63/25/42 

’ ’ 

’ ’ 

9,600 ’ 9,600 9” 0,082 2b 0.094 39 00% 
9rbOO 5 0,052 
9,500 :1 0.073 :o” 

01412 
0.313 

9,bOO 0,113 35 0.361 

8,000 ’ 8 0.100 22 0.275 
7,900 

2” 
0,101 

8,100 0.025 :o 
8,100 
7,900 7’ 

0.049 
i);;; 

0.088 i: 0:388 

SLW!d 
10/24/04 Pahsiwroi R. 40,100 0,139 lb0 0.398 
10124/50 (Niagara Spr+Hat+f 40,500 

09tnpri82 
:7” 0~116 144 0.3% 
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Appendix Table Bl.--continued. 
REPLIWE GROUPS 1981 

--Ai;t7 ------ kk&u!!.mEwL ______________ 

(Lot Br Rot) Site 
(bqlDllD2) 

Date. 
(source) ty Number (dalmolyr) 

Juveni;; catch 
Adult 

Jones Beach cl ~~~~T--m-- Recoveries dl (rio‘;T ----- nr- 

05/07/44 
05/07/45 

r~~Y~~!~_nec_h~~~~~~~N~~ 
Abernathy SCDC 22,300 

74,100 15-26lnp~l81 :e’ 
0,049 
0.065 

07/23/41 Bonn, Hat, 501800 
07123142 

12/Ilay/81 0,089 
51,600 :5" 0.087 

07/23/43 ’ ’ 53,200 ’ 
07123144 5559 

0,111 
51,800 0.106 

07123145 ’ ’ 51,000 ’ 
07/23/46 

0,089 
50,800 :8’ 0.114 

05/07/47 LitqYh+SalsHots 
05/08/49 l;;g 

04-05lJ~nl81 
‘2 

0,064 
05/08/:0 13:3co 0,082 

4 5.030 

05/07/43 RocK Creek 
05/07/46 

25,700 10 0.039 
!Spring Cr, Hat,) 150r500 

?l-22lhprl81 
56 0,037 

05/07/40 
05/07/48 

Spring Cr, Nat. l;${\; 25/tiar/81 63 0.060 
05/07/50 ’ ’ 13:700 12 0,042 ’ 
05/0?/51 9 15,300 0.065 

8 0,052 

05/07/41 ’ ’ 05/07/49 ;$;$ 15lAprl81 78 0.102 
1 35 0,113 

~~~~~l 

10/22/21 Lenhi R. 10/22/22 50,000 O8/nprl81 7 0.014 (Hayden Pd,) 51,000 
7 0,014 

10/05/19 KoasRia Hat. 
10/22/19 

;5,;;; 07/npr/81 2 0.011 

10/22/20 38:bOO 08/11pr/81 4” 
0,008 
0,010 

07122147 N, Santim R. 
07122148 Marion Fks. Hat.) 

49,900 05/Nov/8Q 
49,900 Oh-07/Nov/B0 5' 

0.008 
0.010 

07/22/51 n I 
07/22/50 

47,100 lb-23lHarl81 7 0,015 
07122149 49,600 17-20lKarl81 50,200 0,014 

18-20/flar/81 
& 

0,020 

07122153 ’ ’ 07/22/52 42,200 lb-24ltW81 10 0,024 
39,600 23-24hrl81 10 0,025 

07/22/18 
07/22/21 

IkKenzieBLeaburg 32,300 05/Nov/81 
fkKenzie Hat.) 37,900 

10/22/36 10/22/37 Rapid R, Hat, 49,000 12lnprl81 
10122138 51,900 44,200 

Cd!><J!!Z 

07122155 Sandy Hat. 
07122157 

27,600 Ol/Nay/81 
28,900 

07122156 ’ ’ 27,300 ’ 
07/22/5ti 28,000 

07122159 ’ ’ 29,800 ’ 
07/22/b? 27,700 

07/22/60 ' ' 28,100 ’ 
07/22/63 29,600 

1 0,003 
4 0.011 
3 0,007 

1; 
0,016 
0.019 

0.076 
0,055 

:2” 0.043 0.073 

34 0,114 
25 0,090 

l! 0.061 0,061 

87 0.389 
260 0.351 

;i 0.047 0,073 

:; 00:101546 

:2” 0.063 0,020 

Y 0.002 0,007 

1 0,007 

35: 0.194 0,207 

42 0.040 
1” 0.007 0,028 

6 0,039 

54 0.070 
25 0.081 

10 0,020 
4 0.008 

0 0,000 

2 1 0”‘:: . 

11” 0.022 0,016 

;i 0,040 0.047 0,048 

27 0.064 
34 0.086 

23 0.071 
17 0.045 

f/ 
: 0,002 0,005 

363 1,313 
387 1,337 

371 1.358 
364 1.298 
535 1,792 
501 1,803 

442 1,573 
485 1,636 
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Appendix Table Bl.--continued. 

Q.k uilp_n_ 
07/22/61 Sandy Hat. 
07/23/01 
07/21/27 Tanner Creek 
07/21/30 (Cascade Hot.) 
07/21/28 ’ ’ 
07/21/31 

07/21/29 ’ ’ 
07/21/32 

Rn IY 1 Rock Island 
RA IY 2 (Turtle Rock Pd) 
Ln IY 1 * 9 
Ln IY 2 
Ln IN 2 ’ ’ 
Ln IN 4 

29,700 01/May/81 
28,800 

24,900 Ob/tlay/81 
26,600 

%tW\ 08lJunl81 
r 

;7&; Ob/J~u1/01 
1 

5,000 24lHayl81 
4,900 25lliayl81 
5,000 27ltlaylBl 
4,900 28/tllly/81 

ll,m; Ol/Jun/81 
1 

63/21/50 
63/22/02 

Uashougal Hat, “:1,;;; 30lAprl81 
1 

20 0,067 451 1.515 
22 0,076 454 1.571 
24 0,096 510 2,047 
28 0.105 488 1,828 

21 0,075 1017 3.644 
25 0,096 752 2,883 

13 0,047 811 2.925 
19 0,066 644 2,225 

2 0.041 
1 0.021 

2 0.040 
1 0,021 

1 0.101 
1 0,101 

45 0.087 366 0.707 
46 0,089 226 0,435 

Ln P 2 Clorkston 
Lfi S 1 (Lo, Granite DAN) 

12,;;\ Ol/Hay/81 
, 

LIP3 ’ ’ 
Ln s 2 

56).5\\ OS-09/tlayl81 
, 

3 0.175 
3 0,137 

10 0.181 
13 0,191 
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Appendix Table Bl.--continued. 
REPLICBTE GROUPS 1980 

---flGcx7 ------ kkE-Lez!&bL ___________I__ 

(Lot Pr Rot) Site 
(llq/Dl/D2) 

Dote 
Lsource) b_/ Nuher (du/ro/yr) 

Juveni;; catch 
Adult 

pKrk++! F&oyr&g d/ 
h0.r ITT- 

07/21/33 Bonn, Hot.. 
07/21/34 

07/21/35 ’ ’ 
07/21/36 

07/21/62 Skamonio Lt, 
07/21/63 (Oxbow Hat.) 
05/06/48 Ia Bonn, Dam 
05/06/49 (Spring Cr, Hat.) 

10/21/x Leshi R. 
10/21/26 (Hayden Cr. Pd,) 

subr-~~~~~s~~~~~~ 

50,400 27/H&30 0.024 
49,900 lY 0.028 

48,000 ’ 0,050 
49,400 ii 0.053 

50,100 27-28/Nay/80 0,042 
53,000 2:: 0,038 

99,500 19/tlay/80 0,040 
99,700 if 0.031 

k?!~j~gJ~j~g~&l~h~l 

40,100 Ol-03/hpr/BO 
41,100 03-04lAprf80 f 

0,005 
0.010 

25 
0.034 
0,015 

2” 
0.037 
0.014 

LO IL 2 tiethow R,Blo. 15,000 OS/Hay/80 
RD IL 2 (Leavenworth Hat,) 13,800 

LO F 1 I I 
RD F 1 

16,400 lO/Hay/80 
15,200 

LD IY 1 ’ ’ 
RD IY 1 

15,200 lS/t!uy/(w 
13,300 

tn PI 2 Icicle Creek 32,900 27/Hey/80 
:; ‘p: 4l (Leavenworht Hat.) 33,000 Ol/Hoy/8O 

32,700 24/bpr/80 

LD IL 3 (Le%nk% 15 200 
RD IL 3 

2o/noy/Bo 
Hot.) $700 

LDF2 ’ ’ 16,200 
RD F 2 

22&y/80 
15,400 

LDIY? ” 
RD IY 2 

;“st;;; 27/Hay/00 
I 

LA PP II Uh. Bluffs 
LA S 1 : (Leavenvorth Hat,) \$,$ 

24/dpr/80 

LD IL 1 Richland 
RD IL 1 

15,900 
(Lwvenvorth Hat.) 

22/tlay/80 
13,600 

LD F 3 I I 
RD F 3 

16,200 26/Huy/80 
15raoo 

LD IY 3 ’ ’ RD IY 3 15,400 29lHay180 13,900 

RI 9 1 Dalton Pt. RA IK 1 (Leavenworth Hut,) 32,400 32,900 24/Apr/80 

RA92 ’ ’ 
R& IK 2 

“5’;;;; 27lAprl80 
t 

RbIK3g ’ ’ 32,600 Ol/Noy/80 
03/54/02 Rd 9 3 32,400 32,600 

07/20/43 Dexter 31,300 05/Nov/79 
07/20/45 (OaKridge Hat,) 30,800 

07/20/42 ’ 
07/20/44 

30,700 10-ll/nPr/80 
30,700 lO/ttar/80 

7 0,046 
1 0,008 

i 

0,019 
0.013 
0,013 

5 0,033 
4 0,028 

1: 
0,019 
0,084 

16 0,105 
7 0,053 

13 0,040 
16 0,046 

4 0.026 
6 0,044 

6 0.037 
8 0,051 

10 0.065 
b 0,044 

14 0,044 
22 0,068 

15 0.047 
29 0.090 

34 0.101 

;; 
0,101 
0.084 

65 
0,016 
0,019 

ii 
0,065 
0,081 

17 0,034 
24 0.04u 

:1” 0,043 0,021 

2 LE; 

1091 1,096 
1021 1.024 

:1” 0.027 0,045 

:: 0,133 0.109 

294 0,957 
265 0,862 
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Appendix Table Bl.--continued. 

L!iL&ng c_h_lm~ idles 

07/19/49 Deechutes R. 28,100 
07/19/50 (Rod, Butte Hat.1 29,900 

14/6pr/s0 

07/19/51 29,100 14-15/bpr/RO 

07/20/18 OS Uillm Falls 34,700 05-06fNovf79 
07/20/19 (S, Sontiam Hat.) 35,000 

07/20/20 Foster 33,000 ' 
07/20/21 4% Santiao Hat.) 34,800 

C.P!L%~?~ 

07/20/31 
07/20/33 

Sandy Hat. 25,100 
25,100 

Ol/tiay/80 

07/20/32 ' ' 25,500 ' 
07/20/34 25,200 

07/20/35 ' ' 25,?00 ' 
0?/20/36 24,400 

07/20/37 ' ' 26,000 ' 
07/20/38 26,400 

LD 52 1 Rocky Reach Res. 
RD 52 1 

24,100 13/noyf80 
(Turtle R. Pd.1 24,100 

LD 52 2 Rocky Reach Toil 25,400 ’ 
RD 52 2 (Turtle R. Pd,) 22,400 

LD IX 2 Rocky Reach Res. 27,100 
RD IX 2 

16/Way/80 
(Turtle R, Pd,) 24,800 

LD IH 2 ' ' RD IH 2 24,900 27,200 19/Ray/80 

LD IH 3 Rocky Reach Tail ;Y’,;W; ’ 
RD IH 3 (Turtle R, Pd,) , 

63/20/39 Hat. 
63120140 Uashougol 

99,600 OBfnay/8O 
98,600 

M/20/37 ' ' 97,200 09fJunf80 
63/20/38 97,800 

63/19/54 ' ' 
63/19/S5 

106,700 07/Ju1/80 
106,900 

05fO3f59 Lit, Yh+ Sol, R. 42,300 23fnayf80 
05/06/54 (Willard Hat,) 51,500 

05/06/60 DS Bonn, Daa 
05/06/50 

33,700 24IWayI80 

05/06/55 
(Uiilard Hot,) ;yg 25fwso 

, 

15 0.053 
7" 0.024 0,027 

3 0,009 
4 0,011 

2 1 % . 

:5" 0,060 0.064 

"7" 0.067 0,063 

I2 0,046 
20 0.082 

:o" 0,076 0,050 

3 0.021 0.029 

10 0,040 
5 0.023 

5 0.019 
2 0,009 

3" 0,012 0,033 

6” 0,024 0,015 

ii 0,069 0,082 

53 0,054 
65 0,066 

126 0,118 
118 0.110 

‘6’ 0,012 0,028 

3 0,009 

A 0,017 0,035 

RD X3 1 Pahsiseroi R. Ln su 1 (Duorshak Hat,) 5,400 OUFeb-27fAprf80 1 0,019 5,000 
23-27fnprfao I 0,020 

RD IU 2 Leahi R, LA su 4 10,500 22/Apr/RO 2 0,019 (Duorshok Hot.) 10,100 
24/Apr/SO 2 0,020 

Ln x3 3 Duorahak Hot. Rb DT 3 10,ioo 
9,900 

29/nprfao 2 0,020 
2 0.021 

10/21/56 Pahsireroi 49,900 Ob-16/6pr/sO 26 0.052 
lo/21157 (Niaqra Sp, Hot. 1 50,300 07-17/npr/80 31 0,062 

LD Y 1 Uello D. Res. RD Y 1 Wells Spu, Ch.1 13,400 01/Hay/80 1 O.OOE 
13,000 1 0,008 

0 0,000 
2 0,007 
5 0.017 

65 
0,014 
0.017 

:8" 
0,030 
0,080 

216 0,858 
152 0,604 

259 1,014 
276 1.095 

264 1.019 
285 1.163 

377 1,448 
298 1.126 

603 0,686 
686 0.696 

2393 2.462 
2267 2,318 

4556 4,270 
4430 4.144 

137 0,323 
158 0.307 

1:; 
0.219 
0.248 

123 0,239 

241 0.483 
207 0.411 
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Appendix Table Bl.--continued. 

j&&&d 
LD Y 3 Uells D, Tail. ’ RD Y 3 13,000 

(Yells Spu, Ch.) 12,200 
LD K 3 Wells D. Res, 
RK K 3 IYells Spw, Ch.) 

141300 O3/ltay/SO 
13,600 

LD K 2 Uells D, Tail. ’ RD K 2 13,100 
(Yells Spu, Ch.) 13,800 

LD IJ 3 
RD IJ 3 

Uells D. Res. 13,100 OS/nay/e0 
Wells Spw, Ch,) 11,200 
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Appendix Table Bl.--continued. 

REPLIME GROUPS 1979 

--Rdrc‘-7 ------ Release Informtim --ite ---_---___ - _______________ 
(Lot Rr Rot) Dote 
(AglDlfD2) (source) b_/ Number (daloofvr) 

Juveni;; catch 
Adult 

Jones Beach cl Recoveries dl m~~;r---m-- (no;r ----- m- 

LD IC 1 Jphn Day D, 
;"o ;"c'3 (Spm9 Cr, Hot,) 

LD IF 1 
LD IF 2 
LD IF 3 
LO IK 1 
LO IK 2 
LO IK 3 
LD PI 1 
LD PI 2 
LD rI 3 
RD IC 1 
RD IC 2 
RD IC 3 

YG 1 
RDPI 3' 

RD IF 1 
RD IF 2 
RD IF 3 
RD IK 1 
RD IK 2 
RD IK 3 

03/55/01 Big Uh, Pd, 26/J&79 
03/56/01 (Spring Cr. Hat,) 

28,500 
34,700 

03/57/01 36,300 

OS/O4134 Spring Cr, Hot, 
05/04/44 

95,500 
135,500 

?0/Apr/79 

07/16/26 Hill Creek 
07/19/17 (Bonn. Hot.) 
07/19/ta 
63/18/17 Coulitz Sol. Hat, 
63/18/18 

10/04/15 
10/04/24 (Dw%adk !at+) 

07/17/47 
07/17/48 

Eagle Creek Hat, 

LD IH 1 V&age Bridqe 
RD IZ 4 (Leavenworth Hot.) 

LO IZ 1 ' ' 
RK IZ 2 

RD IH 1 Wonapur D. 
RD IZ 1 (Leaveworth Hot.) 

LDIZ2 " 
RK IZ 3 

20,000 Ob/Jun/79 
20,400 
19,800 

;'d"t"db 05fJunf79 
r 

20,200 

19,500 ' 
19,500 
19,500 
;l$;; 06/Jun/79 

19:aoo 

24,800 ' 
20,000 
20,200 

20,100 ' 
20,300 
20,100 

20,100 OS/Jun/79 
20,100 
19,700 

21,500 ' 
20,700 
19,000 

i? 0,103 0,146 

20 0.101 
19 0,097 
15" 0,074 0,030 

:o' 0.052 0,087 

19 0,090 
17 0,081 
24 0.119 
22 0.113 
:9” 0,095 0,106 

21 0.105 
30 0.150 
:: 0,105 0,114 

i; L 0,090 0,080 0,117 
30 0.140 
33 0,160 
28 0,148 
:: 0.049 0,088 2 1 0.006 0.004 

11 0,039 0 0,000 
196 0,206 f/ 
281 0,208 f/ 

51,500 08-09/Nov/78 0.017ef 23 0,045 
48,200 0.021- 0.041 
51,100 0.016 ;! 0.053 

24,000 23fnpd79 0,146 833 3,471 
24,300 0.140 636 2.61; 
127,000 l;/tlwlS/hpr/79 0.024 0.091 
122,000 ;3 0.039 "2 0.088 
46,200 91/M/79 39 0,084 29 0.963 
48,200 50 0.104 51 0.106 

49,800 ll/Hay/79 a5 O,li? 
55,900 94 00168 
62,600 12/Hay/79 95 0,152 
50,000 94 0,189 

38,400 13/nay/79 0,240 
49,909 1:: 9.20s 

52,400 l4/iioy/79 0.159 
62,500 1:: 0.160 



Appendix Table Bl.--continued. 

07/17/25 N. Smtiom 49,600 03-0516prl79 32 0.064 17 0,034 

07/17/29 
07/17/26 Marion Fks. Hat,) 4$$& 3': 0.082 0,042 :2" 0.049 0,036 

07/19/2b S, Santiam Hot. 
07119127 

31,500 07fN0~/78 
32,700 

07/19/29 DS Uillom. foils 32,600 ’ 
07/19/30 (S. Santiak Hat,) 32,800 

05/03/52 Uillard Hot, 
05/03/53 

$3:; Ol/Hov/78 

05/03/54 36:900 

05/03/49 Lit, Uh, Hat, 31,100 
05/03/50 (Uillard Hot.) 31,200 

19lhptl79 

95/03/51 32,900 

cp!!~XLE! 

07/19/08 Tonne? Creek 
07/19/11 

'2'd;g 07/tl0y/79 
(Cascade Hot.) , 

07/19/07 ' ' 
07/19/10 

;t,;l\ 07/Jun/?9 

07/19/09 ' ' 24,500 06lJu1179 
07/19/12 25,100 

63/19/11 Toutle Hot. 42,400 07fHayf79 
631 LPI12 34,600 

63/19/28 ' ' 
63/19/29 

$J;; 06/Ju1/79 
I 

63119123 
63119124 

Uoshouqol Hot. ;;g 07fw79 
I 

63119127 ’ ’ 81,000 06/Ju1/79 
63119134 82,000 

LA ItN 11 Icicle Creek UHLBYU 
(Chelun Hat,) 

23,900 26lApr/79 

tn bN 2$ UHLSPK 19,100 

Ln nN 31 
UHLBLG 

24,100 

RdYlI DS Honn. Dam 
UtiiBUH 

23,300 

RbY2f 
(Chelan Hat,) 

28fnprf79 

UHLERD 
24,300 

Rd T 4 DS ROM. Dar 
Rn Y 4 

20,700 17fthyf79 
(Tucman Hbt,) 22,000 

LD P 1 Yells Dam 
LD P 3 (Uells Spau. Ch.) 

y; 04/Ihy/79 
, 

RDPI ' ' 10,000 ’ 
RD P 3 9,600 

i ::JP’ 6 I ix: 
p2 

0.018el 68 0,209 
0,036$ 114 0,341 

5 
l' op& 

0,000 

0:003 
1 0,003 
1 0.003 

0,064 20 0,064 
0.038 24 0.077 
0*030 30 0,091 

18 0,064 
18 0,067 

37 0.136 
32 0.123 

50 0,203 
56 0.223 

46 0,108 
40 0,115 

bt9 o*274 0,233 

81 0.109 
87 0,108 

197 0,243 
191 0,233 

144 0,515 
169 0.627 

299 1.101 
344 1,327 
192 0.781 
248 0,986 

482 1.137 
476 1.372 

400 1.008 
436 1,061 

1022 1,374 
1333 1,654 

1078 1.331 
980 1,195 

22 0,092 

14 0,073 

19 0,079 

38 0,163 

21 0,086 

90 0,434 
68 0,308 

2 0,021 
1 0,010 
4 0,041 
2 0,021 

108 0.451 

76 0,396 

92 0.381 

92 0,394 

97 0,399 
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Appendix Table Bl.--continued. 
REPLICATE GRWPS 1978 

Release Inforhotion ‘--~~~~-G ,------ ________------_-_ - ----____-______ 

(Lot BP Rot) Site 

210!221______ !_5??! ____ 

Juvenile catch 

05/03/43 Lit. Uh, Hot. 49,500 2S/tio~/78 

EROS 5 51,300 52,100 1;; 127 

0,194 

0.209 0.243 

05/03/46 ' ' 49,800 ’ 114 0,229 
05/03/47 49,400 0,200 
05/03/48 ’ ’ 49,500 ’ 129 0,244 

05/03/55 ’ ’ 39,300 12/Ju1/78 15 0,038 
05/03/56 18 0,045 
05/03/57 

40,100 
39,100 28 0,071 

05/03/42 ’ ’ 50,500 24/w/78 lob 00210 
OS/bl/Ol 48,400 117 0,242 
05/63/01 52,200 105 0,201 

05/03/39 Spring Creek Hat, 49,900 18/Auq/78 
7” 

,012 
05/03/40 52,000 ,013 
05/03/41 50,500 6 ,012 

OS/bO/Ol ' ' 98,100 18hpr/78 153 ,157 
05/62/01 92,300 17s ,191 

07/17/08 Upstr. Willor, falls 50,900 31/Way/78 0.08b 
07/17/10 (Stayton Pd,) 51,100 OlfJunl78 :2” 0,102 

63/16/12 Covlitz Hot. 
bSllbl13 
b3/17/09 ’ ’ 
63/17/10 

~~J~ljhJJlilJJJ,G~~JJ 

28,200 08/h/78 
27,700 

89,400 ’ 
87,YOO 

63/17/11 ’ ’ 
63/17/l? 

58,200 ’ 
56,900 

63/17/l; ’ ’ 
63/17/18 

71,300 ’ 
69,400 

63/16/01 Klickitnt Hat, 
63/16/02 

144,800 31/tlrlr/78 
146,300 

YHRDLB ML1 DS Bonn. Dnr 
UHRDPK ML? (Koastiio Hat,) 

37,000 09/lloy/78 
36,900 

UHRDYY HAL3 
UHRIXY RAL4 

35,400 
37100 

09/16/61 N, Sontinr R, 48,600 13-14ftiur/78 
09116162 hrion fKs. Hat,) 
09/16/63 

45,900 
50,200 

09/17/01 ’ ’ 49,100 ’ 

09/17/02 09/ 17103 %ii 

07/16/11 Find, Butte Hat. 46,400 31/W/78 
07/16/12 46,200 

09/ 16127 S. Sontiou Hat, 28,700 07/Nov/77 
09/16/29 28,700 

09/16/30 DS Uillm falls 25,900 08/N&77 
09/lb/31 (S. S&ion Hnt,) 29,000 

34 0,122 
27 0.097 
124 0,139 
109 0,125 

ii 0,149 0,132 

;: 0,092 0.098 

:: 0,051 0,053 

22 0,059 
22 0 ~060 
20 0,056 
15 0.040 

; 0,048 0,035 0.034 

28 0.058 

22 22 i%: , 

ii 0.072 0,074 

: 0.003 0.007 

3” 0,010 0,015 

5” 0,010 
O*OOb 

I 0,002 
5 0.010 
1’ 0,002 0,008 

;; 0,027 0.038 0.043 
3 0.006 
6” 0,011 0.017 

172 0,345 
231 0,444 
182 0,360 

e/ 
!f 
:6” 0,109 0,084 

1100 3,901 
1245 4+495 

2836 3,172 
2790 3.174 

2161 3.713 
2218 3.898 

2181 3,059 
2240 3.228 

ff 
ff 
: 0.010 0.002 

3” 0,000 0,008 

17 0.035 
18 0.039 
18 0.036 

e/ 
e/ 
i/ 
f/ 
j/ 

158 0,550 
164 0.571 

72 0,277 
P5 0,327 
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yenr?llnq c&~&& sp_lron 

09/16/23 IG Uillon+ Falls 26,900 13-14/tW78 30 0,111 355 1,319 
09/16/24 (St Sontiab Hat,) 24,600 25 0,102 288 1.170 

cp_L%kY! 

Ln ID 1 John Day no* 31,400 09lHoyf78 33 0,105 
Lb ID 2 (Carson Hot,) 0,119 
Ln ID 3 ~j;"o"o" 1 2327 0,069 

RnIDl " 33,000 22/lky/78 
:7" 

08085 
Rb IB 2 33,000 0.053 
Rn ID 3 33,000 12 0,037 

LD IJ 1 DS Bonn. DOD 31,500 18/tloy/78 13 0.042 
Lt IJ 2 (Carson Hat,) 33,100 0,053 
LD IJ 3 32,300 :3 0.085 
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REPLICATE GRWPS 1977 

Release Information --ikiSto7---------------------"---------------- 

(Lot Br Rot) Site Date 
MqfDlfD2) (source) h-1 Number (dafnofyr) 

Juvenile catch 

Jones i:ach cl 
ndult 

f&OWET~~S df 
rla----m-- (no. r ar- 

09/16/12 Upstr, ‘dillaa. falls 44,600 02-04fAprf77 106 0,238 
09/16/13 Maasville Pd.) 43,100 103 0.239 

09/16/06 DS Uillaa, falls 92,000 238 0.259 
09/16/11 (~uasville Pd.) 46,400 143 0.308 
09/16/07 43,500 123 0,282 

05/44/01 Spring Creek Hat. '9";;;; OBfAprf77 216 0,223 

05/45/01 75:800 207 05/49/011RD u 1 215 i% , 

&J_i_n&lglJJJ>J&JJ 

13/09/11 Coulitz Hat, 88,000 08/nar/77 
13/09/12 88,600 
13/09/14 ’ ’ 61,700 ’ 
13/11/04 61,600 
13/13/01 ' ' 28,700 ’ 
13/13/04 27,900 
09/16/02 Rnd, Butte Hot. 29,400 02filayf77 
09/16/01 31,700 

06/05/14 Sandy Hot. 24,800 27/Apr/77 
06/06/01 25,800 

06/05/15 Sandy Hot, 24,400 27/11pr/77 
Ob/Ob/O3 22,800 

Ob/O6/02 ’ ’ 20,100 ’ 
06/06/04 23,400 
Ln x3 1 Pax0 16,600 OlfHayf77 
R1 X3 1 (Turtle Rock Pd,) 16,600 

05/20/04 Uillard Hat. 
05/21104 

;?,,;E 02-04liia~/77 
, 

10/13/07 DS Bonn, Daa 17,000 21/Ila~f77 
10/13/09 (DworshaK Hat.) 17,300 

10/13/11 Clearuater R. 57,200 20-21/&V/77 
10/13/13 (Dworshak Hot+) 31,100 

;: 0.041 0,050 

2”: 0,050 
0*039 

:2” 0,043 0,042 

2’ 0,006 0.007 

7” 0,027 0,032 

6” 0.026 0,033 

lo” 0.043 0,030 

: 0.007 0,019 

Zf 0,023 0,024 

3’ 0.017 0.024 

3 0.016 0.017 

2 0.004 
5 0,008 

904 1,027 
1104 1,246 
1078 1.747 
1052 1,708 

612 2.132 
717 2.570 

0 0.000 
2 O.OOb 

421 1.691 
341 1,321 

418 1.708 
339 1,483 
382 1,897 
459 1,960 

ef 
:e/ 

:o” 0.059 
O+llb 

;i 0.122 0,124 

9’ 
O+Olb 
0,015 

10/02/36 Pahsireroi R. 55,400 OS-10/hpr/77 
10/02/35 (Niagro Sp, Hot.) 59,300 ________________________________________-------------------------------------------------------------- ----- __-- 

:9” 0,044 0,036 

it 0.037 0,028 0,039 

ff 

E: 



Appendix Table B2.--Mean stomach fullness and standard deviation for Ziu'="ile 
salmonids captured in purse and beach seines at Jones 
Beach by 3-day intervals, 1980. 

-_------_----_____-_____________________------------------------- 

1980 

EAf%L%~in_c_ -&xLSd'ic- P"?,. I *.och 

n than SD n 
--spti 

neon SD n 

MhY 5-“AY 7 
MY a-nn’( 10 
MY Il-HhY 13 
MY I.-MY 16 
ImY 17+mY 19 
nrrr 20-nhY 22 
imY 23-HhY 25 
HAY 26-MY 20 
HAY 29-HAY 31 
JUN l-JUN 3 
JUN 4-JUN 6 
JUN 7-J”N 9 
JUN lo-JUN 12 
JUN 13-JUN 15 
JUN lb-JUN 18 
JUN 19-JUN 21 
JUN 22-J”N 2, 
JUN 2%JUN 27 
JUN 28-JUN 30 
JUL l-JUL 3 
JUL 4-JUL 6 
JUL ?-JUL 9 
JUL lo-JUL 12 
JUL 13-JUL I’* 
JUL lb-JUL 18 
JUL 19-JUL 21 
JUL 22-JUL 24 
JUL 2%JUL 27 
JUL 28-JUL 30 

HAR 9-“hR 11 
IMU 12+m 1, 
HAR lS-tlhR 17 
MAR Ia-H&R 20 
HhR 21-HhR 23 
IIOR 24-MhR 26 
t4hR 27-HhR 29 
nm 30-APR 1 
hPR 2-hPR 4 
APR FhPR 7 
APR 8-APR 10 
APR 11-APR 13 
ClPR 14-hPR 16 
APR 17-hPR 19 
6PR 20-hPR 22 
APR 23-APR 23 
APR 26-tiPI? 28 
APR 29-“hY 1 
MY 2+iAY 4 
MY 5-MY 7 
MAY 8-MY 10 
nlrr ll-HAY 13 
MY l,-HhY 16 
IMY 17-MY 19 
ImY 2G-nhY 22 
MY 23-HhY 25 
MY ‘Lb-MY 2G 
MY 29-MY 31 
JUN l-JUN 3 
J”N ,-JUN 6 
JUN 7-JUN 9 
JUN lO-JUN 12 
J”N 13-JVN 15 
JUN IA-JUN 18 
JUN 19-JUN 21 

1 3.0 0.00 1 3.0 0.00 
11 4.1 1.m 11 4.1 1.m 
27 4.3 1.30 27 4.3 1.30 
66 s.1 1.00 66 s.1 1.00 
79 4.0 1.12 79 4.0 1.12 
13 3.3 1.27 13 3.3 1.27 
12 3.6 1.31 12 3.6 1.31 
26” :*; ;.;g 26” :*; ;.;g 

. . . . 
9 4.4 1.13 9 4.4 1.13 
8 3.8 1.28 8 3.8 1.28 
2 5.0 1.41 2 5.0 1.41 
1 4.0 0.00 1 4.0 0.00 

48 4.3 1.45 48 4.3 1.45 
39 3.8 1.20 39 3.8 1.20 

2 5.5 0.71 2 5.5 0.71 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 

7, 4.5 0.89 7, 4.5 0.89 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
1 3.0 O.OG 1 3.0 O.OG 
0 0.0 0.00 0 0.0 0.00 

COHG SALHON 

8 ,.9 1.13 
7 4.6 1.40 
4 4.5 1.91 

lb 5.0 1.10 
33 4.1 1.11 

0 0.0 0.00 
2, 1.8 I.51 
,l 3.3 1.19 
11 2.6 1.21 

1 2.0 0.00 
2 4.5 0.71 
0 0.0 0.00 
0 0.0 0.00 
6 4.3 1.52 

23 3.7 1.21 
1 3.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

II 4.8 0.75 
3 3.7 1.33 
2 5.5 0.71 
0 0.0 0.00 
G 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

YEhRLlNG CHINOOK GALHO” 

0 0.0 0.00 
0 0.0 0.00 
1 1.0 0.00 
2 1.0 0.00 
0 0.0 0.00 
3 2.0 1.00 
1 2.0 0.00 
2 2.5 0.71 
9 3.4 1.67 
8 3.6 1.06 

21 3.8 1.83 
9 ‘3.. 0.73 

44 4.3 1.56 
28 4.2 1.25 
18 ,*3 1.27 
17 4.9 2.03 

B 3.0 1.20 
19 5.0 1.15 
11 5.5 0.69 
63 3.8 1.40 
38 4.4 1.41 

6 4.3 1.21 
3 ,.3 0.58 
9 3.6 1.33 
0 0.0 0.00 
4 2.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 1.0 0.00 
1 4.0 0.00 
3 1.0 0.00 
0 0.0 G.00 
1 4.0 0.00 
0 0.0 0.00 
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5 2.8 0.84 
5 3.4 1.52 
3 1.7 1.15 

39 2.5 1.55 
10 2.7 1.09 
31 2.5 1.57 
25 2.6 1.58 
20 3.0 2.14 
19 3.4 1.54 

s 3.4 1.14 
31 3.4 1.33 

6 3.3 1.03 
20 4.1 1.28 

3 2.0 1.73 
E 3.6 1.19 
8 4.1 1.89 
2 4.5 0.71 
5 3.0 1.41 
0 0.0 0.00 

31 3.8 1.19 
29 3.9 1.29 

1 4.0 0.00 
0 0.0 0.00 
1 1.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 O.OG 
0 0.0 0.00 
1 2.0 0.00 
0 0.0 0.00 
0 0.0 O.OG 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

9 4.7 1.22 
18 4.3 1.49 
31 4.3 1.35 
82 5.1 1.01 

112 4.1 1.11 
13 3.5 1.27 
36 2.4 1.68 
:; 3.2' y," 

. . 
10 4.2 1.32 
10 3.9 1.20 

2 5.0 1.41 
1 ,.a 0.00 

5, 4.3 1.45 
62 3.0 1.20 

3 4.7 1.%3 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 O.GO 

85 4.5 0.88 
3 3.7 1.x3 
2 5.5 0.71 
0 0.0 O.GO 
0 0.0 O.OG 
1 3.0 0.00 
0 0.0 0.00 

3 2.8 0.84 
5 3.6 1.52 
4 1.s 1.00 

41 2.) 1.55 
10 2.7 1.89 
34 2.5 1.52 
26 2.6 1.55 
22 2.9 2.04 
28 3.4 1.5s 
13 3.5 1.05 
52 3.6 1.55 
1s 3.4 0.83 
b4 ,.2 1.47 
31 4.0 1.43 
26 4.1 1.26 
25 4.6 1.98 
10 4.9 1.10 
2, 4.6 1.44 
11 5.5 0.69 
9, 3.8 1.33 
67 4.2 1.37 

7 4.3 1.11 
3 4.3 0.58 

10 3.3 1.49 
0 0.0 0.00 
4 2.0 0.00 
0 0.0 0,oo 
0 0.0 0.00 
0 0.0 0.00 
2 1.3 0.71 
1 4.0 O.GO 
3 1.0 0.00 
0 0.0 O.GO 
1 4.0 0.00 
0 0.0 0.00 



Appendix Table B2.--continued. 

s l.3 L.7, 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 6.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

242 

37 1,s 1.6’) 
:: 2: :2: 
(iI 3.9 *:,7 
0 0.0 0.00 

25 2.0 l.80 
LO 2.7 1.00 
10 2.3 0.9, 
12 3.1 1.1. 
12 3.1 1.23 
5 3.1 L.,, 
0 0.0 0.00 
0 0.0 0.00 



Appendix Table B3.--Mean stomach fullness and standard deviation for juvenile 
salmonids captured in purse and beach seines at Jones Beach 
by 3-day intervals, 1981. --____-------------_____________________------------------------- 

1981 

2u_Cl%SEiGR~ J.Eo_C_LSEiE- Purse I Bench 

nean SD n 
-Seine 

n liean SD ” -iir9TG- 
-- -- ------ 

CDHG ShL,,GN 

APR 29-MY 1 1 4.0 0.00 2 ..?I 0.71 
IMY 2-MY 4 A 4.3 0.52 3 4.7 1.53 
HAY s-nnr 7 40 4.4 1.08 10 4.2 0.92 
HO1 E-“Al 10 3 2.7 0.58 21 4.0 1.34 
MY ll-HOY 13 86 3.3 0.97 27 3.1 0.92 
IMY 14-MY lb 63 ..3 1.07 4 3.5 1.73 
MY 17-MY 19 Al 4.1 1.24 3 4.7 1.15 
MY 20-HAY 22 100 3.4 0.94 1 2.0 0.00 
HAY 23-HAY 25 35 4.1 1.42 1 4.0 0.00 
MAY 26-ImY 28 43 4.1 1.1s 0 0.0 0.00 
UAY 29-MAY 31 25 4.0 0.84 A 3.8 0.75 
JUN I-JUN 3 37 4.6 0.92 10 4.4 1.07 
JUN 4-JUN A 14 3.6 1.02 1 6.0 0.00 
JUN 7-JUN 9 3 4.0 1.00 2 4.3 0.71 
JUN lo-JUN 12 19 3.9 0.99 22 3.6 1.00 
JUN 13-JUN 15 2 5.0 0.00 1 4.0 0.00 
JUN 16-JUN IS 0 0.0 0.00 .l 2.0 0.00 
JUN 19-JUN 21 1 5.0 0.00 0 0.0 0.00 
JUN 22-JUN 24 0 0.0 0.00 0 0.0 0.00 
JUN 2J-JUN 27 0 0.0 a*00 0 0.0 0.00 
JUN 28-JUN 30 0 0.0 0.00 0 0.0 0.00 
JUL l-JUL 3 0 0.0 0.00 0 0.0 0.00 
JUL 4-JUL. A 0 0.0 0.00 0 0.0 0.00 
JUL 7-JUL 9 14 4.4 1.08 3 3.0 1.00 
JUL IO-JUL 12 12 3.8 0.75 1 4.0 0.00 
JUL 13-JUL 15 2 5.5 0.71 0 0.0 0.00 
JUL lb-JUL 18 0 0.0 0.00 0 0.0 0.00 

YEARLING CHINOOK SALMON 

iim IS-ilAR 20 
HAR 2X-MhR 23 
hAR 24-UhR 26 
“AR 27-HhR 29 
tln,R 30-hPR 1 
b,PR 2-APR 4 
APR 5-6PR 7 
hPR 8-APR 10 
RPR ll-APR 13 
APR 14-hPR lb 
APR 17-APR 19 
APR 20-APR 22 
RPR 23-APR 25 
hPR 26-hPR 28 
hPR 29-“AY I 
UhY 2-“hY 4 
MY 5-HAY 7 
MY E-MAY 10 
HhY ll-ImY 13 
WY 14-NAY lb 
IMY 17-MY 19 
my 20-HEY 22 
nAr 23-M&Y 25 
nhy 26-nily 28 
ncly 29-my 31 
JUN I-JUN 3 
JUN 4-JUN 6 
JUN 7-JUN 9 
JUN IO-JUN 12 
JUN 13-JUN 15 
JUN IA-JUN 1E 
JUN 19-JUN 21 
JUN 22-JUN 24 
JUN 25-J”N 27 
JUN 2G-JUN 30 
JUL l-JUL 3 
JUL 4-JUL 6 
JUL 7-JUL 9 
JUL IO-JUL 12 
JUL 13-JUL IS 

0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
5 4.0 1.22 
S 3.2 2.28 
A 5.0 1.41 
2 4.5 0.71 
A 6.2 0.98 

31 4.5 1.36 
11 4.0 1.00 
17 3.: 1.12 
14 3.4 1.09 
0 0.0 0.00 

31 4.5 0.99 
34 4.5 1.11 
22 3.7 1.17 

0 0.0 0.00 
lb 3.3 0.86 
17 3.8 1.25 

9 2.3 0.71 
9 2.6 1.13 

13 2.4 1.19 
24 2.8 1.29 
18 3.5 0.86 

4 4.0 1.1s 
8 3.0 0.33 
1 3.0 0.00 
1 2.0 0.00 
2 5.5 0.71 
2 4.5 2.12 
0 0.0 0.00 
2 3.5 2.12 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
2 3.0 0.00 
0 0.0 0.00 
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1 5.0 0.00 
0 0.0 0.00 
1 4.0 0.00 
1 1.0 0.00 
2 1.5 0.7, 
0 0.0 0.00 
0 0.0 0.00 
1 5.0 0.00 
1 4.0 0.00 
1 3.0 0.00 
0 0.0 0.00 
3,. 4.0 1.73 
2 4.5 2.12 
0 0.0 0.00 
0 0.0 0.00 
2 4.0 1.41 
0 0.0 0.00 
1 3.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 4.0 0.00 
2 2.0 1.41 
0 0.0 0.00 
1 3.0 0.00 
1 1.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

3 4.7 0.58 
1 2.0 0.00 
1 5.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

17 4.1 1.17 
13 3.8 0.73 

2 5.5 0.71 
0 0.0 o,oo 

1 3.0 0.00 
0 0.0 0.00 
1 4.0 0.00 
1 1.0 0.00 
7 3.3 1.60 
5 3.2 2.28 
A 5.0 1.41 
3 4.7 0.58 
7 5.9 1.21 

32 4.4 1.36 
11 4.0 1.00 
20 3.6 1.19 
lb 3.6 1.21 

0 0.0 0.00 
31 4.5 0.99 
36 4.4 1.11 
22 3.7 1.17 

1 3.0 0.00 
lb 3.3 0.86 
17 3.8 1.25 

9 2.3 0.71 
9 2.6 1.13 

13 2.4 1.19 
24 ‘2.8 1.29 
18 3.5 0.86 

s 4.0 1.00 
10 2.8 0.79 

1 3.0 0.00 
2 2.5 0.71 
3 4.0 2.65 
2 4.5 2.12 
0 0.0 0.00 
2 3.5 2.12 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
2 3.0 0.00 
0 0.0 0.00 



Appendix Table B3.--continued. 
9Yr,,91,11,- _B*sLh-%iC1- "I;,;$"-" 

ise* n ha" SD I ".a" *D n ".O" SD 
-__-- --- 

IITEELHEAD 

0 0.0 0 0.0 0 0.0 0 0.0 
f Z’o” 0 .a:0 0 0.0 
o ::: 

::; 
2:: 
2: 
2: 3.1 

: 
6 
: 
: 
: 
:p” 
:: 
3: 
:: 
:: 
:: 
:: 
: 

1: 
,: 
: 
: 
,” 
: 13 4 

:,’ 
: 
0 
0 
,” 
,” 
: 
: 
: 
: 

A.4 
::: 
::: 
::; 
2.’ 
::: 
::: 
I.2 
::‘, 
1.0 
2: 
::: 
::: 
::: 
::: 
4.3 
A.0 
::: 
2 
0.0 
0.0 
,“:: 
OiO 
0.0 
2,” 
2: 
2,” 
,“:: 
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: 

0” 

1: 

: 

: 

: 

:: 

‘:: 

8: 

z 

1: 

:: 

:: 

2 
LO8 

:“. 
66 

:: 
*to 
104 
12v 
202 

:: 

3: 
48 

2: 
L 

:: 

: 

: 
1 

. 
0 

: 
0 

: 

: 

,” 

: 

3.7 
::t 
::: 
::: 
::: 
2,’ 
2: 
::: 
::: 
::t 
2.’ 
::,” 
::,” 
::: 
3.0 
7.3 
i:,” 
2,” 
Xi:: 
::: 
2,” 
2,” 

O.PA 
0.00 
0.00 
2.81 
0.00 
1.11 
0.00 
0.00 
0.00 
0.00 
1.10 
0.00 
0.00 

: 
: 
1: 
: 
: 
1: 
:: 
‘:: I6 
1:: 
1:: 163 
,:: 
,“: 
:: 
53 
:: 
:z ,I. 121 134 216 
:: 
:: .B 
:% 
:,” ,2 IS 
: I 
: 
: 0 
: 
: 
,” 
,” 

i:: 
1:: 
I:! 
::: 
::: 
::: 
::: 
::: 1.0 
::: 
::“, 
2: 
::: 4.0 
::: 
::: 
2: 
2: 
;;; 
2.e 
2: 
1.3 

::: 
::: 
::; 
I:; 
LO 

2: 1.0 
2: 
2: 
K 
,“:.” 
,“I,” 



Appendix Table B4.--Mean stomach fullness and standard deviation for juvenile 
salmonids captured in purse and beach seines at Jones Beach 
by 3-day intervals, 1982. 

1982 

~Y?lrSSSSlr!S- -BSS~:hSS~OS~ PUPS9 8 Bm,ch 

n fhm SD n hln SD 
-+p;t-T 

--- 

CON0 SALHON 

APR 29-MAY , 
MY 2-HAY , 
MY s-NAY 7 
m.r a-tw 10 
nnr 11-HAY 13 
HAY 14-RAY lb 
nAy 17-HAY 19 
nAY 20-HAY 22 
HAY 23-RAY 25 
HAY 26-HAY 28 
HAY 29-RAY 31 
JUN l-JUN 3 
JuN 4-JUN A 
JUN 7-JUN 9 
JUN IO-JUN 12 
JUN IS-JIM 1s 
JUN lb-JUN 18 
JUN 19-JUN 21 
JUN 22-J,,,, 2, 
JUN 25-JUN 27 
JUN 28-JUN 30 
JUL l-JUL 3 
JUL 4-JUL b 
JUL 7-JUL 9 
J”L IO-JUL 12 

1 7.0 0.00 0 0.0 0.00 
1 7.0 0.00 0 0.0 0.00 
S 3.6 0.89 37 3.1 0.81 

13 3.6 1.19 
3s 3.8 0.99 

92 3.7 0.97 

77 3.7 0.94 
8s 3.7 0.78 
33 4.1 1.23 

83 3.9 1.01 
60 3.9 1.09 

20 3.9 1.21 
17 4.2 1.19 

61 4.0 1.07 
102 4.0 0.97 

14 3.9 0.9s 
9 3.9 1.a 

60 4.3 1.21 
108 3.9 0.81 

3s 4.3 1.43 
21 3.9 0.83 

95 3.9 0.87 2 5.0 0.00 
A0 4.0 1.07 
79 3.7 1.00 

0 0.0 0.00 
1 3.0 0.00 

45 3.4 0.7, 
34 3.8 0.82 

3 4.3 1.53 

27 3.5 
1 4.0 o*oo 

1.09 I 4.0 0.00 
2 3.0 0.00 2 4.0 2.83 
1 3.0 0.00 0 0.0 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

0 0.0 0.00 

1 4.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

1 3.0 0.00 0 0.0 0.00 

1 7.0 0.00 
1 7.0 0.00 

42 3.2 0.82 
105 3.7 1.00 
120 3.7 0.84 
110 3.8 l,O, 
1;; :.,’ y; 

75 319 1:04 
111 4.0 1.01 

95 4.4 1.29 
129 3.9 0.81 

97 3.9 0.87 
60 4.0 1.07 
80 3.8 1.00 
48 3.4 0.85 
3s 3.8 0.81 
28 3.5 1.07 

4 3.5 1.73 
1 3.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 4.0 0.00 
I 3.0 0.00 

“AR *-“AR 8 
nAR 9-nAR ii 
UAR I?-“AR 14 
nm I~-HAR 17 
PXAR 1sMAR 20 
nAR 2?-MAR 23 
HAR 24-“AR 26 
HAR 27-MAR 29 
nm 30-APR 1 
AFR 2-APR 4 
APH 5-APR 7 
APR 8-APR 10 
APR ll-AFR 13 
APR 14-APR lb 
APR 17-APR 19 
APR 20-APR 22 
APR 23-APR 25 
APR 26-APR 28 
APR 29-nAY 1 
HAY ?-“Al 4 
HAY S-NAY 7 
HAY O-MAY 10 
nm 11-nAy 13 
HAY 14-HAY lb 
HAY 17-HAY 19 
MY 20-HAY 22 
MY 23-NAY 23 
HAY 2b-HAY 28 
nA.r 29-my 31 
JuN l-JUN 3 
JUN ,-JUN A 
JUN 7-JUN 9 
JUH lo-JUN 12 
JUN IS-JUN 15 
JUN 16-JUN 18 
JUN IP-JUN 21 
JUH 22-JUN 24 
JUN 2%JUN 27 
JUN 28-JUN 30 

YEARLING CHINOOK SAL”*,, 

0” 
0 
0 
0 
0 
0 
s 
3 
0 
3 
3 
0 
1 

: 
4 

:‘8 
19 
19 
12 
21 
‘9 

8 
3 
3 
A 

7” 
7 

0.0 
0.0 

2: 
0.0 
0.0 
0.0 
3.0 
2.7 
0.0 
3.3 
4.3 
0.0 

::: 
4.9 
3.8 
3.8 
4.1 
3.8 
3.6 
3.8 
3.3 
3.2 
3.9 
3.0 
3.3 
3.2 

35:: 
3.0 
3.0 

::i 
2.0 
3.0 
0.0 
0.0 
0.0 

3 

1: 
2 
4 
0 
0 
0 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.58 
2.08 
0.00 
3.21 
2.31 
0.00 
0.00 
1.15 
1.21 
0.96 
1.12 
1.3s 
1.42 
0.69 
0.62 
0.4E 
0.97 
1.46 
0.00 
0.38 
0.98 
0.58 
0.38 
0.00 
0.00 
0.00 
0.32 
1.41 
0.82 
0.00 
0.00 
0.00 
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1 
0 

: 
1 

11 
49 
13 
19 
23 
21 
21 
2s 
10 

s 
13 

2 
8 
s 
3 
2 
5 
1 
1 
1 
3 

3.0 
0.0 

::i 
3.0 
1.7 
1.9 

::: 
2.s 
2.2 
2.8 
2.4 
3.8 
3.8 
4.5 

::: 
4.6 
3.0 
3.0 
3.2 
3.0 
5.0 
3.0 
4.3 
0.0 
3.0 
2.0 
2.5 
1.7 
0.0 

::: 
0.0 
0.0 
0.0 
0.0 
0.0 

0.00 
0.00 
0.00 
0.58 
0.00 
0.63 
1.2, 
0.75 
1.03 
1.78 
1.18 
1.26 
1.19 
2.10 
0.84 
1.33 
0.71 
1.83 
1.34 
1.00 
0.00 
1.30 
0.00 
0.00 
0.00 

0 
1 

: 
3 

2.31 
0.00 
0.00 .~._ 
0.00 
0.71 
1.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1 3.0 0.00 
0 0.0 0.00 
1 3.0 0.00 
3 3.3 0.58 
1 3.0 0.00 

11 1.7 0.6s 
49 1.9 1.2, 
18 2.1 1.16 
22 2.1 1.17 
23 2.5 1.78. 
24 2.4 1.50 
24 3.0 1.46 
2s 2.4 1.19 
11 3.8 1.99 

9 4.3 1.12 
20 4.6 1.27 

A 3.7 0.82 
22 3.8 1.38 
43 4.1 1.3S 
22 3.7 ‘1.39 
21 3.3 *.*a 
17 3.6 0.87 
22 3.3 0.48 
IO 3.4 1.07 

9 3.8 1.39 
A 3.7 1.63 
3 3.3 0.58 
7 3.1 0.90 
4 3.3 0.96 
9 3.0 o.so 

10 2.6 0.84 
3 3.0 0.00 
3 3.0 0.00 

10 2.9 0.32 
2 2.0 1.41 
4 3.0 0.82 
0 0.0 0.00 
0 0.0 0.00 
0 0.0, 0.00 



Appendix Table B4.--continued. 

APR 23-*m 25 
hPR 26-Am! 28 
APR 29-IIAY 1 
H&Y 2-“(h‘l 4 
HAY 5-MAY 7 
IMY 8-MY 10 
nnr ll-MAY 13 
PIhI lb-ilhY 16 
“AI 17-IMY 19 
fib” 20-MY 22 
MY 23-IlAY 25 
MAY 26-“A,Y 28 
MAY 29-“A1 31 
J”N I-J”N 3 
JUN J-AN 6 
JUN 7-J”N 9 
J”N lo-JUN 12 
JUN 13-JUN 15 
JUN X6-JUN 10 
JUN IP-JUN 21 
JUN 22-JUN 24 
JUN 2%JUN 27 
JUN 28-JIJN 30 
JUL l-At 3 
JUL 4-JUL 6 
JUL ,-AIL 9 
JUL lo-JUL 12 
AIL 13-JIJL 15 
JUL. 16-JLIL 18 

2 1.5 0.71 
0 0.0 0.00 
1 3.0 0.00 
1 2.0 0.00 
7 3.7 0.95 
5 2.6 0.55 

16 3.2 0.66 
19 2.4 0.96 
36 3.1 0.97 
30 2.9 1.04 
13 3.4 0.87 
20 3.2 0.81 
26 3.3 0.68 
18 2.9 0.96 
30 3.1 1.06 
12 2.6 0.67 
14 2.9 0.u 
15 3.5 1.81 

3 3.3 2.31 
3 3.7 2.52 
0 0.0 0.00 
1 2.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 3.0 0.00 
0 0.0 0.00 

2 1.5 0.71 
2 2.0 0.00 
1 3.0 0.00 
1 2.0 0.00 
8 3.6 0.92 
J 2.6 0.55 

17 3.2 0.64 
19 2.4 0.96 
36 3.1 0.97 
30 2.9 1.04 
13 3.4 0.87 
20 3.2 0.81 
26 3.3 0.68 
18 2.9 0.96 
31 3.0 l.11 
12 2.6 0.67 
14 2.9 0.62 
15 3.5 1.81 

3 3.3 2.31 
3 3.7 2.52 
0 0.0 0.00 0 0.0 0.00 
1 1 2.0 2.0 0.00 0.00 
0 0.0 0.00 0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 3.0 0.00 
0 0.0 0.00 
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Appendix Table B4.--continued. 

1Yr*.~81111*- ~bPEb~S,~~S~~ WM. * I.*ch 

lee2 n --S;pfg--ga- ".a" so I "..a" 1D " 
____--_--------- 
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1s 

78 

:: 
33 
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1 
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1: 
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: 

,” 

,” 
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Appendix Table B5.--Mean stomach fullness and standard deviation ror juvenile 
salmonids captured in purse and beach seines at Jones Beach 
by 3-day intervals, 1983. 
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Appendix Table B5.--continued. 

-&ES-SSlDS- -kescb~Saiae~~ Purse I Beuch 

1985 n n*an SD n n*on SD 
+;!Gf-sii- 

--------------------________________________----- 

STEELHEeD 

APR 29-MY 1 
IMY t-MAY 4 
MY s-MY 7 
MY S-MY 10 
IihY iI-nnr 13 
nny 1-3~IMY 16 
MY i?-IMY 19 
IMY 20+thY 22 
MY 23-MY 25 
IMY 26-nnl 28 
MY 29-B&Y 31 
JUN I-JUN 3 
JUN 4-JUN 6 
JUN ?-JUN 9 
JUN IO-JUN 12 
JUN 1sJUN 15 
JUN lb-,UN 18 
JUN I9-JL‘N 21 
JUN 22-JUN 24 
JUN 2%JUN 27 
JUN 28-JUN 30 
JUL I-JUL 3 
JUL 4-JUL 6 
JUL ?-JUL 9 
JUL IO-JUL 12 
JUL I3-JUL IS 
JUL 16-JUL 18 
JUL 19-JUL 21 

1 4.0 0.00 1 4.0 0.00 
2 2.0 1.41 2 2.0 1.41 
2 1.5 0.71 2 1.5 0.71 
6 2.7 0.52 6 2.7 0.52 

22 2.6 0.95 22 2.6 0.95 
30 2.8 1.m 30 2.8 1.m 
43 2.5 1.30 43 2.5 1.30 
12 2.7 0.98 12 2.7 0.98 
30 3.0 1.43 30 3.0 1.43 
29 3.4 i.53 29 3.4 i.53 
93 2.6 0.94 93 2.6 0.94 
79 2.5 1.14 79 2.5 1.14 
20 2.5 1.05 20 2.5 1.05 
63 2.0 1.01 63 2.0 1.01 
24 2.7 0.82 24 2.7 0.82 
4s 2.5 1.20 4s 2.5 1.20 
1.5 2.4 0.89 1.5 2.4 0.89 
11 2.2 0.75 11 2.2 0.75 

3 2.3 0.58 3 2.3 0.58 
I i.0 0.00 I i.0 0.00 
3 4.0 0.00 
1 2.0 0.00 
0 0.0 0.00 
1 2.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
I 2.0 0.00 
0 0.0 0.00 

1 3.0 0.00 
0 0.0 0.00 
1 7.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
2 2.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 o*oo 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 

2 3.3 
2 2.0 
3 3.3 
6 2.7 

22 2.6 
30 2.8 
43 2.5 
12 2.7 

;a ::I 
93 2.6 
79 2.5 
20 2.5 
63 2.0 
24 2.7 
45 2.5 
16 2.4 
11 2.2 

3 2.3 
1 1.0 
3 4.0 
I 2.0 
0 0.0 
1 2.0 
0 0.0 
0 0.0 
1 2.0 
0 0.0 

0.71 
1.41 
3.21 
0.52 
0.95 
1.81 
1.30 
0.90 
1.40 
1.53 
0.94 
1.14 
1.05 
1.01 
0.82 
1.20 
0.89 
0.75 
0.58 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Appendix Table B5.--continued. 

9ur,LSSiOl- JssSbAinL- purr- I a**<" 

n ill.on SD I) n.m SD 
-;-Pp;--rr- 

MY 1,-“AI 16 
MY ,,+n* ‘P 
11nv 20-NW 22 
MY 23-“CIY 25 
“67 26-NAY 28 
NAY ZP-“A” 3, 
,“N 1-J”” 3 
JUN ,-Al” 6 
.I”” 7-J”” P 
,“W io-J”” 12 
,“H ‘3-J”” ‘5 
,“” ‘b-J”” ‘8 
AIN ‘P-J”” 2‘ 
,“N 22-N” 24 
J‘J” 23-J”” 27 
,“” 28-J,” 30 
AIL l-JUL 3 
a,L ,-,a 6 
mUL 7-JUL 9 
,“L IO-,“‘. ‘2 
ml, I,-ml. IS 
,“L ‘A-,“L ‘8 
NL ‘94UL 21 
,“L 22-JUL 24 
Ju. 2,-JUL 27 
JU‘. *a-JUL 30 
J”L 3‘-A”0 2 
nuo 3-MO 3 

)I”0 *-AM 8 
nuo 9-AU ‘1 
ll”G 1%AUG ‘4 
AU0 ,s+u0 ‘7 
nuo 18-h”o 20 
nuo 21-A”0 2.3 
A”0 2,-A”G 26 
n”G 27-*Ilo 17 
n”G W-SW 1 
SEP 2-SEP 4 
SEP 5-SEP 7 
SW B-SW ‘0 
SEP ‘I-SEP 13 
SEP I.-SEP ‘A 
SW ‘,-SW ‘P 
SEP 2O-SEP 22 
SEP 2x-SEP 25 
SW 2bSEP 28 
SW 29-OCT 1 
oc, 2-OCT 4 
DC, 5-OCT 7 
oc, 8-OCT ‘0 
OCT I‘-OCT ‘3 
OCT ,,-OCT I* 
oc, ‘7-O‘T 19 
oc, 29-OCT 22 
OCT 23-OCT 23 
OCT a-OCT 28 
0.2 29-OCT 3‘ 
NO” I-NO” 3 
NO” ,-NO* 6 
Y”” ,-NO” 9 .._. ..~ 
NO” ‘O-HO” ‘2 
NO” 13-“0” ‘3 
NO” ‘~-HO” ‘8 
NO” 19-HO” 2‘ 
NO” *?-NO” 24 
NO” 2%NO” 27 

33 3.7 0.85 
59 ,.A 0.85 
29 3.9 1.4‘ 
P 3.8 1.30 
5 ..2 1.79 

‘2 4.‘ 1.88 
23 4.1 1.35 
‘1 3.7 0.54 
44 4.0 1.30 
35 4.2 1.30 

;: :*; . ;.,“z . 
22 ,.3 1.25 
60 3.x 0.97 
‘II 4.2 ‘*X7 

5 5.4 1.32 
, 4.3 1.73 
2 6.0 0.00 
1 3.0 0.00 

4 6.5 1.73 
2 5.0 1.4‘ 
, 5.5 1.73 

0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
0 0.0 0.00 
1 2.0 0.00 

37 4.B 1.37 
B A.1 0.6. 

‘5 3.8 1.97 
2 5.3 2.12 
1 2.0 0.00 
, 3.4 2.07 

2‘ 1.0 1.50 
57 3.2 1.19 
‘7 3.1 0.99 

* 2.1 0.33 
3 2.3 0.m 
s 2.6 0.89 
2 4.5 2.12 
0 0.0 0.00 
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Appendix Table B6.--Status of juvenile salmonid stomachs collected at Jones Beach 

(lW.m 75), 1979-1983. 

Year: XZL -14EQ,- -lull- -ES-- -EBk- APZL X89- -1%L A~~Z-- -l?@L 
91 P/ 

Subrrorlinq chinooK salmon Yrarlinq chinooK salmon 

01 Jon - 13 JCL” 
14 Jon - 27 ,on 
28 Jan - 10 Fcb 
11 Fcb - 24 Feb 
25 Feb - 10 “ar 
11 mr - 24 “or 
25 wlr - 07 npr 
OS npr - 21 npr 
22 npr - OS nnr 
06 nclr - 19 nnv 
20 thy - 02 JU” 
03 Jun - 16 J”” 
17 Jun - 30 J”” 
;; ju”: - 14 JUl 

- 28 JUI 
29 Jul - 11 huq 
12 hug - 2s nug 
26 nuq - 08 sep 
09 scp - 22 SW 
23 Sell - 06 mt 
07 Dct - 20 Dct 
21 act - 03 HO” 
04 HO” - 17 NO” 
18 NW - 01 De% 
02 DCC - 15 mc 
16 DOC - 3! D0E 

0”: 00 0 0 00~ 00 0 0 0 0 00 00 

00 00 00 0 0 00 
00 00 00 0 0 00 
00 00 00 0 0 
0 0 500 10 

: : 
00 

22 I? 169 65 32 13 1 0 
22 1s 68 10 11 7 82 26 0 0 
2s 19 06 25 103 30 414Q20 27 0 
13 11 153 37 162 18 247.lg20 so 0 
1s 13 168 ** lS5 20 1*og20 16 0 

8 11 309 15 107 20 SS2g20 44 0 
1; 1; :;; g ‘c$ 2; x&y”; 1: g 

L L 
3 0 216 1s 0 0 147 0 50 0 
5 0 229 15 14 0 82 0 43 0 
8 0 204 14 1 0 46 0 45 0 
0 0 982 00 18 0 28 0 
0 0 290 30 13 0 13 0 
0 0 00 10 20 
0 0 0”: 00 0 0 17 0 
00 00 00 4 0 17 0 
00 00 lo3 0 24 0 
00 00 

“0 “5 
30 0 2 0 

00 00 00 7 0 00 
00 00 00 0 0 00 

Tot~1s: 101 206 129 139 0 
Totals: 143 2108 805 2928 535 

COhQ *o*nLln Steelhead 

01 Jnn - 13 J-2” 
14 Jon - 27 J-m 
28 Jan - 10 Frb 
11 Frb - 24 Feb 
25 Feb - 10 nnr 
11 n.lr - 24 nnr 
25 “or - 07 npr 
08 npr - 21 np, 
22 npr - OS nu* 
06 HQY - 19 knv 
20 nay - 02 J”” 
03 JU” - 16 ,un 
I? J”” - 30 J”” 

01 Jul - 14 ,“I 
15 JUl - 28 JUl 
29 Jul * 11 nuq 
12 nug - 25 nuq 
26 nuq - 08 scp 
09 sep - 22 SPP 
23 Srp - 06 DC+. 
07 Ott - 20 act 
21 Oct. - 03 NO” 
04 NO” - 17 HO” 
1s NO” - 01 tlec 
02 De= - 15 De= 
16 ORE - 31 Dee 

0 0 
0 0 
-0 0 
0 0 

0” 0” 
0 0 
0 0 
3 0 

13 10 
12 10 
1s 17 
10 10 

3” 0” 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

67 
47 

00 00 0 0 00 
00 00 0 : 0 0 
00 00 0 00 
00 00 0 0 00 
0” 0” : 0” i 0 0 0 00 0 

00 00 0 0 00 

0 0 3 0 300 “, 
260 92 155 0 463</ 0 55 0 
107 14 118 0 424</ 0 64 0; 
124 20 41 0 32?c/ 0 

40$ 
52 0 

83 10 0 27 0 
86 0 0’: 2 0 20 

30 0 0 00 
00 00 0 0 00 
00 00 0 0 00 
00 00 0 0 0 
00 00 ii 0 00 
00 00 0 0 00 
00 00 0 0 00 
00 00 0 0 00 
00 00 0 0 00 
00 00 0 0 
00 00 0 0 t : 
00 00 0 0 00 

591 347 1271 221 
129 0 0 0 

00 00 
00 00 
00 00 
00 00 
0 0 
8 0 3: : 

29 22 129 19 
32 27 174 50 
26 22 114 44 
10 10 II9 47 
10 10 
11 9 : : 

43 00 
10 00 
00 00 
00 00 
00 00 
00 00 
00 00 

: ,” : 0” 
00 00 
00 00 
00 00 
00 00 
00 00 

103 160 
131 577 

00 00 

0 0 0 0 : "0 
00 00 

0 0 1 0 4: : 
14 0 as 0 
46 0 63 0 
s9p/o 1124/o 
19d/O 664/O 
12g/o 254/o 

,a/0 2sd_/o 
2p/o 34/o 
00 00 
00 00 
00 00 
0 0 
0 0 
0 0 

: : 
0 0 
0 0 
0 o- 
0 0 
0 0 

0 
157 

: : 
0 0 

: : 
0 0 
0 0 
0 0 

: : 

0 
$26 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

1: “, 16: 3; 
10 10 136 36 

:: :i 24 7 7 0 
11 30 

ii 0 00 0 

00 00 

:: 0 00 0 

00 00 

00 00 

0 0 
.o 0 : ", 

00 00 
: : 0 0 

0 0 i : 

49 332 
41 82 

0 0 
0 0 
0 0 
0 0 

: : 
0 0 
0 0 
* 0 

37 0 
24 0 

e 0 
0 0 
0 0 
0 0 
0 0 
0 0 

: : 
0 0 
0 0 
0 0 
0 0 

: : 
0 0 

77 
0 

0 0 
0 0 
0 0 
0 0 

: 0” 
0 0 
0 0 

lOS/O 

72~/0 
95s/o 
62s10 

T&/o 
1 ~0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

: : 
0 0 
0 0 
0 0 
0 0 

245 
0 

0 0 
4 0 
1 0 

1: : 
20 0 
34 0 
31 0 
43 0 
12 0 
38 0 

3 0 
0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
212 

0 0 

.: : 
0 0 

: : 
0 0 
0 0 
3 0 

26 0 
46 0 
31 0 

4 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

: : 

: : 
0 0 
0 0 

110 
0 

a/ P = Number stomachs preserved. Some stonnchs may be nisrinr) tram the collection 
due to ,torage prob1.m~. 

h/ C I Hu~ber of stomachs with contents identified 01 of Dcc.mber 1984, 
g/ fipproximotelv 25% used for proximate onaIy~s. 
A/ Approximatelr 50% used For proximate analrsrs. 
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Appendix Table B7.--Source, date of median recovery, and tag codes for fish 
groups used in graphic comparison of stomach fullness 
(Figures 54, 55, 57, 59, and 60). Subyearling and 
yearling chinook salmon, who salmon, and steelhead 
groups captured at Jones Beach in 1982 and 1983. 

Date of 
wdiarl 

Source ________-~--______-- ------fEsL--- ----ELK---- 

Subyearling chinook solnlon 

Spring Creek I?/ 
I . 
. I 

Bonneville h/ 
Spring Creelc 

EWnncvil.le 
Stayton F’ond t/ 
Spring CreeK 

rfbernothy !?/ 
Honnevi.lle 

. 

Little White Salmon 2/ 
Klickitat c/ 
Bonneville 

Staytan F’mld 
Oxbow I,/ 

Hoqersan ‘1/ 
Lower Kalalnu 51 
Prie!jt Wpids c/ 
Kalwu Fall; c/ 

&shougol c/ 
Cowlitz r,/ 

Ponneville 
. 

. 

Sprinq CreeK 
Bonneville 

CitoYton Pond 

Lit.tle White !<olmon 
Fiolilld Putte b-1 

Priest Ropitls 
lionneville 

Little Whi,te Salmon 
inoqrrnon 

Cowlitz 
Priest Rapids 

19 fipril 82 
26 April 82 
27 April D? 

01 nay S? 
08 nay 8’2 
1.G May 82 
13 Hay E2 
24 flay 82 
30 nny e2 

04 June 82 
06 June 82 
10 June 82 
11 June R2 
13 June 82 
15 June 82 
19 June 82 
22 .June 32 
27 June (32 
28 June 82 
29 June! 82 
09 July 82 
la July 32 
20 July 82 

13 hugu!;t 92 
10 November 81 
11 November 81 
11 November 02 
11 Novelrlber 82 

04 nay 133 
10 hay 83 
1s Hay 03 
21 MAY a3 

07 June 133 
1: .June i!3 
r)2 ..hir e3 
05 Juli (13 
0.5 .July 33 
0.5 .Jul.y 83 
08 July 63 
1.e July e3 

05/10/‘50 
05/10/53-56 

05/10/51 
07/24/07 

05/08/51,10/~7 
07/f26/63 
07/25/62 
05/10/52 

05/10/58,59 
07/24/08 
07/24/25 

07/24/14-17 
05/04/35,36 

63/21./57 
07/24/24 
07/26/'62 

07/23/30,24/11 
05/10/22,23 

63/24/63 
63/'22/52.24/56 

63/24/60 
63i24/41 

63/20/32,24/62 
07/24/26 
07i25i4a 
07/25;45 
07/23/63 
07/25/46 

05’1 l/42-45 
07/27/27-30 

07/23/28,20/30-34 
O5/1:L/41 
07/'28/36 
!, 3 / 2 5 / I. I. 
rJ7/2(3 -7 I.. 
i)7/‘2W26 
owl:i/39 
1.0/25/15 
53/25/0:3 
53./x,/12 
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Appendix Table B7.--continued. 

Date of 
lmed ion 

Source - -------...-_.. - _______ ---fish----- -~~~-AxL~~~~~ 

Lewis River .F/ 25 July 83 63/27/X3 
I . 08 Pluqust 83 63/?7/37 

I)onneville 22 August 83 07/28/28 
WashoI~gul 10 September 83 63/22/S’) 

n 22 October 83 63/22/39 
, 09 November 83 63/22/38 

Yeurling chinook snlnon 

Bonneville 
Clxbow 

llaltridqde b/ 
Cowlitz 

Dexter Fond p_/ 
Mari.on ForKs h/ 
Rapid Fiiver E!/ 
Morion ForUs 
Round Hutte 

Koor;Kio c/ 
Leavenworth !I/ 

McCr111 ?./ 
McKenzie b_/ 

Bonneville 

McKenzie 
Cowlit.z 

Round Butte 
E;onneville 

L.eavenworth 
SawC<lo%h d/ 

McCa11 

Leuis River 
‘ian il y Ii/’ 

Louer Kolomo 
Cowlitz 
Coscnde !?/ 

Euqle Cwek 8x1' 
Washougol 

Lewis River 
Washougal 

Lower Kaluna 
Ronneville 

Sandy 
Cowl i tz 

Euqle Creelc 

31 tiurch 02 
02 April 82 
09 April 82 
16 April 82 
25 hpril 82 
29 April 82 

04 May 82 
05 nny 8.2 
06 nay 82 
15 Hay 82 
31 May 82 

04 June 82 
21 Febulary 83 

iEl March 83 
05 i+pril 83 
10 rtpril 83 
15 April I33 
27 April 83 

12 flay 83 
21 Hay e3 
23 Hs>y 83 
24 nay 83 

07/21/40,43 
07/21/37 

07/24/19,25/13 
63/21/3-I, 23;06-11 

07/‘24/20,22 
07/2:/28-30 
10/24/14-15 
07i25/25-27 _. 
07/24/48,50 

05/05/30,06/j9 
05/10/61 

10/24/12-13 
@7/25/21,27/1.9,21 

07/27/01 
07/25/47 

07/25/‘22,27/18,20,24 
63/25/O%06,26/O? 

07/27/14,16-17 
07/27/41 

05/13/38-39 
10/24/08,25/35 

10/24/50 

12 Hay 82 63/23/04 
1.5 Boy 82 07/25/49-58 
19 nay 82 63/23/03 
2l llay a;! 63124120-49 
31. nay El2 07/24/29,33 

03 June 8:’ 05/10/35-40 
03 .June 82 63/25/13-4.2 
li An c 92 M/23/05 

OS May 33 63/26/45 
11 tiny 133 63/2h/O:‘; 
14 ilay 133 07/2h/O5 
15 Mny 83 07/27,‘31.-36 
22 Roy 83 63/26/13-42 
25 khy 83 05/11/33-38 
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Appendix Table B7.--continued. 

1M.e of 
med ion 

~~~~~~~Snurre---- ~~--~fis!L~~~ ~~~--LYI---.. 
Cascade 30 Mav 83 07/w/47 
WaslmIlyul 02 June 83 63/26/61-63,27/01-17 
Bonneville 04 June 83 07/26/O? 

Willard s/ 14 June 83 05/09/28-45 
Sprelyoi r/ 25 June 83 63/27/35 

Dworshulc u/’ 
. 

Niagara Springs a/ 
Hagerman 
UworshoK 

Lyons Ferry ~11 
uagemon 
Dworshak 
Hngermon 

Steelhead 

01 Hny 82 23/06/07-08,16/05 
22 May 02 05/10/24-27,23/16/02,04 
27 May a2 10/24/04,50 

01 June H2 05/10/20-21 
04 June 82 23/16/01,03 

17 May 83 23/16/16,1Y,38 
26 Mtry 83 63/2!3/38-40 
30 nay 83 10/24/60 

04 June 83 m/13/49-52,23/16/20 
10 June 83 05/13/33-34 

s/ United Stubs Fish nmd Wildlife Service. 
b/ Oregon Department of Fish nnd Wildlife. 
c/ Washington Department of Fisheries. 
A/ Idaho Department o.f Fish nnd Gome. 
'/ Washington Deportment of Gnre, 
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Appendix Table B8.--Taxonomic classifications and codes for food items found 
in juvenile salmonids from the lower Columbia River and 
near-shore marine waters. 

“/ 
NON 

--Cn_k- 

Iliatomuceae 070301 
Chlorophyta 08 
F’rotoioa 34 
H, hydroida 3702 
Turbellariu 3901 
Digenea 3935 
Nemerteo 43 
Nematoda 47 
hnnel ido 50 
Polychwtu 5001 
Illigochaeta 5004 
Naididile 500903 
Hirudineo 5012 
Gostropodo 51 
Hiwlvio 55 
Corbiculidne 551545 
hrnchnido 59 
Araneoe 5911 
hcur*iw 5922 
Hydrocarina 5930 
Holucofidae 593001 
Crustllcea 61 
Clodocern 6108 
Gst.racodo 6110 
Copepodo 6117 
C, colanoidu 6118 
E. affinis 611.8200201 
C. harpacticoida 6119 
C. cyclnpoidu 6120 
C. caligoida 6123 
Cirripedio 6130 
Mysidacea 6151 
Mysiducea myeida 6153 
Neomysis sercedis 6153011:05 
lsopodo 6153 
1. vnlvifera 6162 
Amphipodo 6168 
19, qammoridea 6169 
Corophiidoe 616915 
C, saimonis 616Y 150200 
C. spinicorne 6169150215 
Gammnridue 616921 
R, subct.lrinotus 6167210101 
14, confervicolu!; 6169210109 
Caprellidne 6171 

NON 

~~~ce!k~-~ 

Ilecapodo 6175 
11. carideo 6179 
Crnnganidoe 617922 
C+ franciscorum 6179220107 
Astacidne 6181 
Golatheidne 610310 
Cancridue 618803 
C. magister 6188030104 
C. oregonensis 61B8030106 

Insectu I 62 
npterygota 6201 
Protura 6202 
Thysonuro 6204 
Diplura 6206 
Collembolu 6208 
Pterrgota 6213 
Ephemeroptera 6215 
Ephemeridae 621501 
Hexagenia 62150101 
Roetidue 621602 
Prosopistosatoidea 621Y 
Odonatn 6223 
0. onisoptero 6224 
0. zygoptera 6229 
Orthuptela 6231 
Isoptera 6246 
Dermaptera 6240 
Plecoptera 6251 
Psoccjpteru 6256 
Anoplura 6267 
Thysanoptera 6269 
Hemiptern 6271. 
H. hydrocorizue 6272 
Corixidue 627201 
Homoptera 6282 
Cicadellidae 628403 
Psylloideo 628’) 
Aphidoideu 6291. 

Insect.0 II 63 
Coleoptera 6302 
Dytiscidne 630506 
Staphylinoidea 6310 
Curculionoideo 6325 
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Appendix Table B8.--continued. 

--_pEY--------- 
Insecta III 
Ncuroptera 
Trichoptem 
Hydropsychidue 
Lepidoptero 

Insecto IV 
Iliptero 
Tipuloidea 
Tipulidae 
Psychodoiden 
Culicoidea 
Culicidoe 
Chuoborus 
Heleidae 
Ilixidae 
Simuliidue 
Chironosidae 
Symbioclodius 
F’entunura 
D. brachycera 
Huscoideo 
Hysenopteru 
Scalioidea 
Apoidea 

Diplcpodu 68 
Wryozoa 711 
Lmprey 860301 
Gnwthostmratn 87 
0, teleostei 8735 
Et mordax 8747020101 
0. tshowytscha 8755010206 
fi. hexopterus 8845010101 
Aves 91 
Inorganic mnttel 95 

NODC 
-B?!_e-- 

664405 
6418 
641804 
6420 

65 
6501 
6503 
650301 
6504 
6505 
650503 
65050301 
650504 
650505 
650506 
650508 
65050821 

6513 
6540 
6550 
6573 
6576 

Unidentified orgunism 95 
Unidentified Egg 97 
Plant material 98 
Digested Material 99 

b’ 
____~EI_A_wO~E’_HI,r_!;l_ALj_E_____ 

Blank-no information 
O-indeterminable 
l-egg 
2-nouplius 
3-zoea 
4-megulops 
5-veliqer 
6-lorva 
7-juvenile (.juv.) 
8-adult 
9-larvae, .jw+, umd adult<; 

lo-juv. and adults 
ll-larvue und .jw+ 
l?-maturity unknown 
13-polyp 
14-cypris 
15-copepodid 
l&pupa 
17-nymph 

w 
STOHACH CONTENT DIGES’IION STATE ____ - __--- - ..-- - ---_ - ---..------ - 

O-no informution 
l-all contents unidentifiable 
2-tmces of prey orgnnisms 

identifiable 
3-less than 50% idrnt.iCfioble 
4-5013 - 757. identifiable 
S-751: - 100% identifiable 
6-011 contents identifiable 

c!/ 
~E_u-JI~fj_s 

Rlunk-no information 
O-whole organism I-bone!; 
I.-purts (misc.) lo-hend 
2-siphons I1 -eye 
3-inorgnnic ports l?-.jows 
4-leqs I3-tail 
5-setae 14-seeds 
kcheloe 1%1eoveci 
‘I-zooecin 15-wings .- 
8-scule% I/-ontennoe ----'-----------------------------------------------~----- 

A/ N~~tionol Oceanoyrnphic Gat,l Cent.er, 2001 Wisconsin Ave., N,W,, taxonosic 
codes, 2nd edition, 1978. Each two digits of code represents a descrete 
tmon . Each code I~IQ~ contain up to five tw:onomic levels, uith 11 provisinn 
for two odditionnl digits to represent subspecies or Q vorietv in some 
taxonomic group, The code system enables on animal to be clnssified t0 any 
systemtic oggregotion of doto, 

/ Mr. Charles Simenstud, Fisheries Research Institute WHlOt College of 
Fisheries? IJniv. Washington, smttle, WA 98195. 
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